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1.0 


INTRODUCTION 


The  Unified  State*  Marine  Corp*  ia  presently  developing  end  evaluating 
deaign  requirements  for  a  Helioopfier  Night  Vision  System  (HNVS)  effort  to 
improve  transport  helicopter  low-level  night  and  reduoed  visibility  capa¬ 
bilities.  State  of  the  art  forward  looking  infrared  (FLIR)  systems  make  it 
possible  for  transport  helicopters  to  conduct  missions  under  conditions 
that  would  normally  preclude  operations. 

The  transport  mission  requires  the  transport  helicopter  to  fly  at 
extremely  low  altitudes  at  the  highest  speed  possible.  Pilots  must  also 
approach  and  lend  in  unimproved  landing  sones.  Personnel  and  equipment 
must  be  quickly  off-loaded  becauae  the  aircraft  must  depart  to  permit  land¬ 
ing  of  the  remainder  of  the  formation.  The  mission  must  be  accomplished 
day  and  night  and  in  adverse  weather  conditions. 

The  HNVS  concept,  os  shown  in  Figure  1-1,  is  centered  on  a  FLIR 
mounted  on  the  forward  section  of  the  assault  helicopter.  The  FLIR  imagery 
ia  provided  at  panel  mounted  displays  (PMDs)  or  helmet  mounted  displays 
(HMDs)  for  the  pilot  and  copilot.  The  total  system  will  be  designed  to 
enable  the  mission  to  be  performed  safely  with  a  minimal  workload  for  the 
pilot  and  aopilot.  The  FLIR  will  permit  the  pilot  to  operate  under  condi¬ 
tions  of  total  darkness.  Flight  symbology  is  super-imposed  on  the  FLIR 
imagery  to  minimise  the  pilot's  and  copilot's  scan  patterns.  In  addition, 
support  avionics  such  as  a  self-contained  navigation  system,  radar  alti¬ 
meter,  aircraft  transducers,  central  computer,  and  control  panels  are  also 
required. 

Preliminary  system  analysis  and  definition  was  completed  prior  to 
initiation  of  this  simulation  effort  and  was  presented  in  OR-0930-AW, 
"Operational  Requirements,  Helicopter  Night  Vision  Systems,"  dated  12  April 
1977,  and  "Operational  Effectiveness  Analysis  for  the  Helicopter  Night 
Vision  System,"  dated  30  September  1978.  Phases  I  and  II  of  the  CH-53 
Night  Vision  System  Simulation  were  completed,  and  the  results  are  reported 
in  References  3,  4,  and  3. 

1.1  Objective 

The  current  evaluation,  Phase  III,  was  conducted  in  accordance  with 
the  plans  described  in  the  HNVS  Simulation  Test  Plan  Task  Report  (Reference 
7).  The  objective  of  this  evaluation  was  to  conduct  a  simulation  program 
to  obtain  human  factors  data  relating  to  the  conduct  of  low-level  Marine 
transport  helicopter  operations  using  night  vision  sensors,  These  data  are 
to  be  used  as  inputs  for  the  design  of  a  candidate  HNVS  and  to  formulate  a 
data  base  for  additional  definition  and  verification  of  the  HNVS  concept 
through  planned  flight  tests. 
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1 . 2  Scope 


Prior  simulation  evaluation*  (Reference*  3,  4,  end  5)  have  addressed 
human  factor*  iaaues  and  aenaor  requirement*  with  regard  to  sensor  imagery! 
symbology  formats,  navigation  and  landing  aids,  failure  modes,  cockpit 
procedures,  integration  of  cockpit  controls  and  displays,  end  the  effect  of 
these  on  aircrew  workload  and  performance.  These  evaluations  concentrated 
primarily  on  basic  system  design  parameters  and  aircrew  interaction  during 
the  enroute  portion  of  the  transport  mission.  Results  of  Phase  I  and  II 
evaluations  indicated  chat  a  gimballed  sensor,  Doppler  navigation  system, 
and  single  POV  were  required  to  complete  the  enroute  mission  requirements. 
Substantial  changes  in  symbology  were  introduced  as  a  result  of  pilot  com¬ 
ments  and  performance,  Theae  configuration  and  symbology  changes  served  as 
the  baseline  for  the  current  evaluations. 

This  reaearch  outlines  the  present  simulation  evaluations  that  further 
expand,  verify,  and  refine  the  data  base  to  include  the  approach  and  land¬ 
ing  phase  of  the  mission.  The  program  consisted  of  a  simulation  hardware 
and  software  development  phase,  a  checkout  phase,  and  three  experimental 
evaluations.  These  evaluations,  described  in  detail  in  section  4.0,  were 
conducted  in  accordance  with  the  following  schedule: 

J.  Approach  and  landing:  symbology;  10  January  to  22  February  1981 

2  Approach  and  landing:  FOV;  27  February  to  26  March  1981 


3.  HMD-PMD  evaluation,  with  CDW;  24  April  to  8  July  1981. 


Figure  1-1.  HNVS  System  Concept 
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2.0  SIMULATION  HARDWARE  AND  SOFTWARE  DEVELOPMENT 

A  n unbar  of  developmenta  in  >inulation  hardware  and  eoftware  worn 
required  to  accomodate  tha  avaluation  raquirananta.  Each  of  ttao  develop¬ 
menta  la  diaouaaad  aeparately  balow. 

2.1  Cockpit 

Tha  CH-53D  cockpit  conatructad  undar  contract  N6 2269— 79— C— 03 17  waa 
usad  for  thia  aimulation.  Tha  coaplota  Government  furniahad  aquipnant 
(QFE)  llat  to  ahown  in  Appandix  A.  Tha  axtarior  view  of  tha  cockpit  in 
ahown  in  Figure  2-1,  which  depieta  tha  mounting  of  tha  cockpit  on  tha  aix- 
degrea-of-freedon  notion  baaa.  Tha  inatruaont  panal,  ahown  in  Figura  2-2, 
waa  configured  in  accordance  with  NADC  drawing  TE21733-B*  Tha  cockpit 
lighting  ia  in  accordance  with  NADC  cockpit  lighting  nano  of  28  Auguat 
1980.  Tha  canter  conaola  waa  configured  aa  ahown  in  Figura  2-3.  A  helmet 
nountad  diaplay  and  aight  ayatan,  daacribed  in  aaction  2.3.4,  waa  inatailed 
in  tha  cockpit.  Additional  cockpit  wiring  waa  inatallod  to  accomodate  tha 
new  cockpit  configuration. 

2.2  Aarodynanie  and  Flight  Control  Modal 

Tha  apaeial  purpoaa  rotorcraft  pinulator  (SPURS)  ia  a  full  force  and 
monant  aimulation  of  tha  CH-53D  helicopter  valid  over  tha  apaad  range  from 
approximately  30  knote  rearward  flight  to  forward  airepeeda  in  axcaaa  of 
160  knota.  The  automatic  flight  control  ayatam  (AFCS)  ia  modelled  on 
analog  computera  and  containa  tha  atability  augmentation  ayatam  (SA8)  and 
outer  loop  attitude  and  heading  hold  modea. 

2.3  Controla  and  Diaplaya 
2.3.1  Controla 

Significant  ehangaa  from  tha  Fhaaa  I  and  II  cockpit  configuration  ware 
made  in  tha  canter  conaola  control  functiona.  Tha  HNVS  and  Infrared  Detec¬ 
tion  8yatem  (1RDS)  control  panala  available  during  Fhaaa  II  wara  replaced 
with  new  unite.  A  Helicopter  Integration  Syatam  (HIS)  Fail  panal  and  two 
Ncvigation/Ilectronlc  Attitude  Director  Indicator  (NAV/SADI)  panala  wara 
added.  Theaa  new  panala  are  praaantad  in  Figuraa  2-4  through  2-7  and  in 
tha  canter  conaola  (Figura  2-3).  Tha  cyclic  and  collective  controla  arc 
identical  for  pilot  and  copilot  operation  and  are  ahown  in  Figuraa  2-8  and 
2-9.  All  ewitch  functiona  are  aa  labeled  on  theaa  drawinga  and  their 
interaction  in  tha  aimclator  waa  epeclfied  in  the  NADC  document  (Reference 
1)  cr'cpt  for  tha  "Hover  Poeitlon"  awitch  on  the  cyclic  atick  grip  (Figura 
2-6  .  Thia  awitch  ia  uaad  to  enable  and  update  the  hover  poaitlon  aymbol 
(number  14A  in  Figure  2-11). 
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Figure  2-2.  Instrument  Panel 


Figure  2-5.  IRDS  Control  Panel 


Figure  2-6.  HIS  Fail  Panel 


Figure  2-7.  NAV/EADI  Panel 
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2.3.2  Sumbology 


The  symbol  generator  for  the  Electronic  Attitude  Director  Indicator 
(EADI)  provided  the  primary  aource  of  flight  and  aenaor  data  presented  to 
the  pilot  on  the  PMD».  The  EADI  provided  the  aircrew  with  piloting  Infor¬ 
mation  aa  well  as  aenaor  data.  Independently  controlled  PMDa  were  provided 
for  the  pilot  and  copilot.  Mode  control  for  theae  dleplaya  waa  provided  by 
the  pilot  and  copilot  NAV/EADI  control  unita.  The  interface  requiremente 
for  the  aymbol  generator  aoftware  and  related  EADI  display  parameter*  were 
apeoified  in  Reference  1. 

Figurea  2-10  through  2-13  chow  aymbology  formate  on  the  pilot  and 
copilot  PMDa. 

2.3.3  Control  Diaplay  Unit  (CDU) 

The  CDU  (Figure  2-14)  uaed  in  the  almulation  waa  the  primary  man- 
machine  interface  for  navigation  Initialisation  and  mode  control.  The  CDU 
conaiats  of  a  CRT  display,  master  function  switches,  line  keys,  and  an 
alphanumeric  keyset.  The  CDU  enabled  the  copilot  to  view  either  the 
results  of  alphanumeric  functional  inpute  or  a  tactical  plot  showing  fly- 
to-polnt  data,  reference  points,  and  aircraft  position  along  a  projected 
course.  The  flight  plan,  aa  shown  in  Figure  2—1 5 ,  contains  two  pages  of 
five  fly-to-points  (FTPa)  each  and  one  page  of  reference  polnta.  The  line 
keys  of  the  flight  plan  include  functions  to  capture  and  delete  an  FTP  or 
landing  sons,  entry  of  new  points,  or  designation  of  a  new  landing  aona. 

The  CDU  tactioal  map  (Figure  2-16)  is  configured  according  to  the  FTP  and 
reference  point  coordinates  in  the  flight  plan  file.  The  diaplay  scale 
range  can  be  decreased  or  increased  by  the  operator.  A  helicopter  aymbol 
marks  the  helicopter  position  and  travels  from  point  to  point  with  refer¬ 
ence  to  the  flight  corridora.  The  diaplay  of  the  dlrect-to  navigation 
function  ia  similar  to  tha  flight-plan  (Figure  2-13)  with  the  massage 
"DIRECT  TO"  on  tha  bottom  of  the  screen,  This  function  provides  guidance 
when  deviating  from  the  preprogramed  flight  plan. 

2.3.4  Helmet  Mountsd  Display  (HMD) 

A  HMD  system  was  Installed  In  the  cockpit.  The  Integrated  Helmet  and 
Display  Sight  System  (1HADB0)  is  shown  in  Figure  2-17.  The  sight  deter¬ 
mined  tha  pointing  directions  of  the  pilot  line  of  sight  (LOS),  and  the  HMD 
provided  Che  pilot  and  copilot  with  the  collimated  video  displays.  Thn 
IHADSB  waa  used  to  slavs  the  HNVS  sensor  to  the  pilot  LOS  and  display  tha 
HNVS  imagery  to  both  pilot  and  copilot  HMDs.  Figure  2-18  shows  the  IHAD8S 
control  penal , 

To  provide  the  pilot  with  needed  aircraft  reference  during  sensor 
operation  using  the  HMD,  the  sensor  pointing  symbol  represented  the  noee  of 
the  aircraft  rulstlvu  to  ths  pilot's  LOS.  This  was  used  only  on  the  HMD 
and  thn  symbol  raovad  relative  to  the  pilot's  head  movements.  Remaining 
symbology,  from  that  avail  able  on  ths  PMDs,  waa  unchanged. 
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1  AIRCRAFT  SYMBOL 

2  HORIZON /FITCH  BARS 

1  RADAR  ALTITUDE  (ANALOG! 

4  RADAR  ALTITUDE  (DIGITAL! 

B  VELOCITY  VICTOR 

<  IR  SENIOR 
7  TORQUE 

I  GROUNOlPIED/AlfiSPEED 

5  AIRCRAFT  HIAOINO 

10  NAVIGATION  ETIIRINO 

II  DISTANCE  TO  OO 

12  ALTITUDE  RIFIRINCi  BAR 

11  VERTICAL  SFIID 
IS  TIM*  TO  00 

IS  AIRSFIIO  INDICATION 
17  FOINT  OF  INTEREST 
11  FAILURE  WARNINO  INDICATOR 
IB  CORRIDOR  BAR 


Figure  2-10.  Flight  Symbology  Format 


SYMBOL  NAME 

1  AIRCRAFT  SYMBOL 

2  HORIZON  BARI 

1  RADAR  ALTITUDE  (ANALOG) 

4  RADAR  ALTITUDE  (DIGITAL) 

I  IR  SENSOR 

7  TOROUI 

I  QROUNDIFEID/AIRSFEIO 

5  AIRCRAFT  HIAOINO 

10  NAVIGATION  STSIRING 

II  DISTANCE  TO  GO 
12  FOIITION  BOX 

11  VERTICAL  SFIID 
IB  TIME  TO  GO 

11  AIRSFIIO  INDICATION 
17  POINT  OF  INTEREST 
IS  HOVER  VELOCITY 
IE  HOVER  ACCELERATION 


Figure  2-11.  Hover/Tranoition  Symbology  Format 


SYMBOL  NAME 


06,0  — (Jj) 

r 


i 


1  AIRCRAFT SYMBOL 

2  HORIZON/PITCH  BARS 

3  RADAR  ALTITUOI (ANALOG! 

4  RADAR  ALTITUOI  (DIGITAL) 

5  VELOCITY  VICTOR 
I  IR IINSOR 

I  GROUNDSPIID/AIRIPIID  \ 

•  AIRCRAFT  HEADING 

10  NAVIGATION  ITIIRINO  \ 

II  DIITANCI  TO  GO 

12  NAVTOLAND  WINDOW 

11  VIATICAL  IFIID 
II  TIMITOOO 

II  AIRIFIIO  INDICATION 
17  POINT  OF  INTEREST 
IS  WINDOW  BOR  REFERENCE 
BRACKETS 


Figure  2-12.  Window  Box  Symbology  Format 


IVMBOL  NAME 

1  AIRCRAFT  IVMIOL 
1  RADAR  ALTITUOI  IANALOOI 
4  RADAR  ALTITUDI  (DIGITAL) 
I  IR  IINSOR 
7  TORQUE 

I  GROUND  flPEID/AIRIPIID 
>  AIRCRAFT  HEADING 

10  NAVIGATION  STBIAINO 

II  DISTANCE  TO  00 
13  VERTICAL  IFIID 
IS  TIME  TO  GO 

IS  AIRSPEED  INDICATION 
17  POINT  OF  INTIRIIT 
IS  HOVER  DRIFT 
If  HOVER  VILOCITV 


Figure  2-13.  Hover  Mater  Symbology  Format 


T'W'STjW 
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Figure  2-18.  IHADSS  Control  Panel 


2.4  Simulation 

All  almulation  work  waa  performed  at  the  Simulation  and  Teat  Labora¬ 
tory  (STL)  Man-in-the-Loop  facility,  Thia  facility  ia  fully  described  in 
"Final  Cockpit  and  Software  Preparation  Taak  Report,"  OR  15,647-2,  dated 
March  1981  (Reference  2). 

The  terrain  model,  aa  ahown  in  Figure  2-19,  waa  modified  with  remov¬ 
able  overlays  to  facilitate  the  approach  and  landing  studies.  Definitive 
landing  cones  and  appropriate  enrouta  sections  of  the  terrain  board  were 
reconfigured  from  a  1200 1 1  to  a ' 24 0 1 1  scaling  factor  to  provide  for  lower 
flight  levels,  sensor  usage  data,  and  precise  maneuvering  capability  in 
confined  landing  areas.  This  improvement  allowed  realistic  visual  presen¬ 
tations  down  to  approximately  25  feet  above  ground  level.  The  highly 
detailed  scale  required  a  higher  pilot  workload  to  precisely  maneuver  the 
aircraft  than  has  been  experienced  in  previous  simulations.  This  higher 
workload  waa  experienced  in  the  pilot's  requirement  for  increased  attention 
to  piloting  tasks.  The  confined  landing  sonas  required  exact  piloting 
maneuvers  to  land  on  the  prebriefed  touchdown  point.  The  additional  real¬ 
ism  forced  the  subject  pilots  to  incraase  their  airspeed  attention  as  com¬ 
pared  to  previous  simulations. 
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Th«  landing  sonaa  shown  In  Figures  2-20  through  2-22  represented  an 
untieprowed  landing  area,  a  slightly  improved  area,  and  an  embassy  compound. 
Additional  landing  areas  included  open  fields  and  small  forest  clearinas  at 
the  240 j 1  scale. 

2.5  Systems  Checkout 

The  systems  checkout  activity  validated  the  simulation.  Test  pilots 
from  the  Haval  Air  Test  Canter  flew  simulated  Missions  and  evaluated  simu¬ 
lator  operation  and  fidelity.  This  checkout  served  as  inputs  for  simula¬ 
tion  modifications. 


Figure  2-19.  Terrain  Model 


Figure  2-20,  Unimproved  Landing  Zone 
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Flaure  2-21.  Slightly  Improved  Lauding  Zone 


•  * 
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Figure  2-22.  Enbaesy  Lending  Zone 


3.0  FACILITY  DESCRIPTION 


3.1  General  Description 

The  Man-ln-tha-Loop  simulation  ayatem  facility  supported  the  CH-53D 
HNVS  program.  It  consisted  of  the  following  major  elements: 

_1_  Hybrid  computing  system 

i  Motion  base  system 

Translational  aystem  optical  probe 

A  Television  system 

i"  r 

'  J  Programmable  display  generator  (PDG) 

•  control  loading  ayatem. 

3.1.1  Hybrid  Computing  System 

The  simulation  was  controlled  by  a  hybrid  computing  system,  consisting 
of  two  Sigma  5  digital  computers,  three  EAI  231-RV  analog  computers  and 
appropriate  Instrumentation,  and  interface  and  peripheral  equipment.  The 
computer  arrangement  controlled  the  aerodynamics,  processed  position  com¬ 
mands  to  the  sensor  probe  and  TV,  handled  operational  mode  logic  and 
switching  functions,  generated  commands  to  position  symbology  on  the  visual 
displays,  and  stored  performance  data. 

The  simulation  program  used  the  SPURS  developed  by  Paragon  Pacific, 
Inc.  This  unit  was  designed  to  model  helicopter  aerodynamics  and  was  con¬ 
figured  to  simulate  a  CH-33D  aircraft.  The  pilot's  controls  were  input  to 
a  primary  flight  control  model  and  augmented  with  SAS  and  AFCS  modals. 

These  were  input  as  the  swash  plate  commanda  for  the  main  rotor,  the  col¬ 
lective  pitch  of  the  tail  rotor,  and  engine  controla. 

3.1.2  Motion  Base  System 

The  motion  base  ayatem  provided  a  means  to  move  the  cockpit  in  six 
degrees  of  freedom  as  commanded  by  the  pilot-actuated  flight  controls.  It, 
in  turn,  provided  acceleration  cues  to  the  pilot  ss  the  aircraft  was  flown. 
The  motion  baee  drive  equations  were  modelled  on  two  analog  computers. 
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3.1.3  Translational  and  Optical  Proba  Systems 

Tha  three-d imenaional  tarrain  nodal  and  ita  motion  relative  to  tha 
optical  probe  syaten  provided  the  pilot  with  visual  tranalational  cue*  via 
cockpit  diaplaya.  The  modal  waa  moved  along  a  rail  ayatam  perpendicular  to 
and  under  a  vertically  actuated  beam  providing  the  longitudinal  and  verti¬ 
cal  movement  of  tha  aircraft.  A  carriage  aupporting  the  optical  probe  waa 
moved  acroaa  the  beam  to  provide  the  lateral  aircraft  movement.  The  opti¬ 
cal  probe,  in  turn,  provided  the  three  angular  dagraaa  of  freedom  of  air¬ 
craft  movement.  Tha  tranalationa,  velocitiea,  and  eccalerationa  ware 
scaled  according  to  tha  tarrain  model  acale  of  1200:1  with  a  minimum  acaled 
altitude  of  approximately  123  feet  or  240:1  with  a  minimum  acaled  altitude 
of  approximately  23  feet. 

3.1.4  Televiaion  Syatem 

A  525  line  high  reaolution,  monochrome  camera  ayatam  waa  uaed  with  the 
optical  proba  to  provide  the  pilot  with  a  view  of  tha  terrain  as  tha  air¬ 
craft  waa  controlled.  It  provided  two  FOVe,  30  and  23  degrade.  White  hot 
IR  imagery  waa  generated  by  revaraal  of  the  normal  video  aignal. 

3.1.5  Programmable  Display  Generator  (PDG) 

A  PDG  waa  uaed  to  generate  aymbology  for  the  cockpit  diaplaya.  The 
PDG  generated  two  independent  raatar  diaplaya ' (pilot  and  copilot),  which 
were  then  mixed  with  the  525  line  televiaion  aignal  containing  the  acene 
video.  Tha  aymbology  waa  available  in  either  a  white  or  black  format,  and 
the  intenaity  waa  controlled  from  the  cockpit.  The  PDG  waa  interfaced  to, 
and  controlled  by,  tha  Sigma  5  digital  computer  for  dynamic  movement  of  the 
aymbology  aa  the  pilot  commanded  the  aircraft. 

3.1.6  Control  Loading  Syatem 

The  control  loading  ayatem  reproduced  the  pilot'a  flight  control 
forces  ior  the  simulator  cyclic  stick  and  pedale.  This  system  waa  a  three- 
axis  unit  providing  pitch  and  roll  cyclic  stick  and  rudder  pedal  forcea. 

The  trim  ayatem  permitted  either  beeper  trim  or  trim  release  from  the 
cyclic  controls.  The  padala  ware  outfitted  with  pedal  switchas  for  inter¬ 
action  with  an  AFCS  heading  hold  function. 

3.2  Simulation  Facility  Limitations 

The  simulation  facility  visual  perception  attitude  limitation  of 
approximately  125  feet  et  the  1200:1  scaling  factor  was  improved  after  com¬ 
pletion  of  the  Phase  IT  experiment.  This  1200:1  scaling  factor  provided 
mountainous  tarrain  to  traverse  during  Phase  II  data  runs  and  was  adequate 
for  fast  moving,  higher  flying,  fixed  wing  simulations.  At  alower  heli¬ 
copter  speeds  and  at  much  lower  altitudes,  however,  the  1200:1  acale  factor 
provided  less  detailed  tarrain  reliaf  and  lass  obstacle  avoidance  feedback 
requirements  because  of  the  heavily  concentrated  forested  areas  than  would 


bn  axpectad  in  a  real  world  mountainous  and  foraatad  contour  flight  envi¬ 
ronment.  Thie  visual  perception  altitude  limitation  was  improved  by  remap¬ 
ping  the  terrain  model  surface  and  incorporating  enroute  highly  detailed 
240:1  model  overlays  and  landing  aones.  This  scaling  factor  was  designed 
specifically  for  helicopter  simulations  and  provides  a  realistic,  lw  alti¬ 
tude,  highly  detailed  flying  environment.  The  visual  perception  altitude 

limitation  was  reduced  to  approximately  25  feet  above  ground  level  (AQL), 
the  heavily  concentrated  forested  areas  ware  replaced  with  strategically 
placed.  Individually  detailed  trees  (averaging  approximately  80  feet  in 
height),  and  high  workload,  realistic  landing  sones  were  developed. 
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4.0  EXPERIMENTAL  DESIGN 


4.1  Introduction 

Prior  simulations  sddrsssad  basic  systara  configuration  issues.  In  the 
Phase  1  evaluation,  it  was  determined  that  a  self-contained  (Doppler)  navi¬ 
gation  system  was  a  requirement  for  the  mission,  and  several  refinements 
were  made  in  display  symbology  (References  3  end  S).  In  the  Phase  II  eval¬ 
uation,  recommendations  ware  made  regarding  the  need  for  a  gimballed  sensor 
and  a  single  FOV  (References  4  end  5).  Other  recommendations  were  made 
with  regard  to  symbology  changes,  display  changes,  and  crew  training 
adjustments.  These  findings  ere  reported  in  detail  in  the  final  report 
(Reference  5). 

The  simulation  data  conditions  required  the  parson  sitting  in  the 
right  seat  of  the  cockpit  to  always  be  the  pilot  in  control  of  flying  the 
aircraft.  The  person  in  the  left  seat  wee  always  the  copilot/navigator. 

In  discussions  of  the  procedures  and  research  results,  this  condition  must 
be  considered.  All  of  the  participants  ware  operational  Fleet  Marine 
pilots,  but  crews  were  comprised  of  designated  pilot  and  copilots  with  all 
participants  having  equal  participation  in  both  roles, 

4.2  Approach  and  Landing  Symbology  Evaluation 

To  determine  the  effects  of  symbology  on  crew  performance  during 
approach  and  landing,  four  symbol  sets  were  used.  The  flight  symbology  set 
developed  during  Phases  I  and  II  and  modified  for  the  flight  test  aircraft 
was  used  as  a  baseline  symbology  formats  the  hover/transition  symbology 
(hover)  set  including  hover  velocity  vector  and  acceleration  cue;  the  win¬ 
dow  box  symbology  sets  and  a  cross  hair  symbology  (hover  meter)  set  simi¬ 
lar,  except  for  sensing  reversal,  to  current  hover  indicators  used  on 
Doppler-configured  Navy  helicopters.  These  symbology  sets  are  shown  in 
Figures  2-10  through  2-13  in  section  2,3.2.  Each  symbology  set  was  eval¬ 
uated  in  landing  tones  with  four  levels  of  difficulty  based  on  tone  dia¬ 
meter.  The  largest  landing  tone  (level  4)  equalled  4.3  rotor  diameters  or 
more,  the  level  three  sone  wet  3.5  to  4.4  diameters,  level  two  was  2.3  to 
3.4  diameters,  and  the  smallest  landing  tone  (level  1)  was  2  to  2.4  dia¬ 
meters.  The  evaluation  consisted  of  a  4  by  4  study  or  16  treatment  combi¬ 
nations.  To  reduce  variance  and  increase  sensitivity,  a  repeated  measures 
design  was  used.  Variables  were  examined  with  12  Fleet  Marina  pilots  as 
subjects. 

A  Greco  Latin  Square  design  allowed  order  effects  to  be  evenly  dis¬ 
tributed  across  all  subjects  end  treatments.  Trsatment  combinations 
resulted  from  the  data  matrix  in  Figure  4-1. 
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4,3  Approach  and  Landing  Field  of  View  Evaluation 

Three  traatmant  FOV  condition*  war*  uaad  to  datarnina  chair  afface  on 
performance  during  approachaa  and  landinga,  Tha  FOV  traatnanta  wara:  wida 
(SO  degree*),  narrow  (23  degree*),  and  dual  (50  dagraaa  and  25  dagraaa 
undar  pilot  control).  Each  FOV  waa  evaluated  in  landing  aonaa  with  Cha 
aama  four  difficulty  level*.  Tha  aymbology  aat  found  moat  affective  in  tha 
aymbology  evaluation  wa*  uaad  throughout  thia  portion  of  tha  atudy.  The 
evaluation  required  a  3  by  4  atudy  or  12  traatmant  combination*.  Again,  a 
repeated  nwaaurca  daaign  waa  uaad.  Eight  Fleet  Marina  pilot*  were  uaad  in 
thia  evaluation.  Tha  data  matrix  for  tha  FOV  evaluation  ia  ahown  in  Figure 
4-2. 


4.4  Approach  and  Landing  PMD-HMD  Evaluation 

To  determine  tha  affacta  of  diaplay  combination*  on  craw  parformanca 
during  approach  and  landing,  thraa  traatmant  condition*  war*  taatad:  pilot 
and  copilot  uaing  PMDa,  pilot  ualng  an  HMD  and  copilot  uaing  PHD,  and  pilot 
and  copilot  uaing  HMD*.  Each  combination  waa  avaluatad  in  landing  aonaa 
with  two  difficulty  level*.  Tha  large  aona  waa  3.3  rotor  diameter  a  (dif¬ 
ficulty  level  2)  or  more,  and  tha  email  landing  aona  waa  3.4  rotor  dia-  , 
matara  or  laaa  (difficulty  level  1).  Tha  evaluation  required  a  3  by  2 
atudy  or  6  traatmant  conditiona.  Twelve  Fleet  Marina  pilot*  participated 
in  thia  phaaa. 

The  data  matrix  for  thia  evaluation  ia  ahown  in  Figure  4-3.  Again, 
traatmant  combination*  ware  counterbalanced  through  a  Oraco  Latin  Square. 

4.5  Enrouta  PMD-HMD  and  CDU  Evaluation 

Tha  enrouta  evaluation  waa  conducted  at  tha  1200:1  acala  in  an  effort 
to  determine  tha  affacta  of  diaplay  combination*  on  parformanca  during  low 
level  flight  on  longer  route*  requiring  aubatantial  navigation  workload. 

An  enrouta  couraa  change  waa  added  aa  a  variable  to  axamina  tha  diffioulty 
of  inaarting  a  change  in  tha  route  midway  in  a  miaaion.  Two  routa  changea 
ware  included  (hard:  mountainou*  terrain;  and  aaay:  flat  terrain).  Thia 
avaluation  required  a  3  by  2  by  2  atudy,  and  Figure  4-4  containa  the  data 
matrix.  Tha  12  pilot*  uaed  in  the  approach  and  landing  HMD/PMD  avaluation 
participated  in  thia  evaluation.  Random  conditiona  war*  uaad  auch  that 
pilot*  could  not  predict  couraa  change*.  Order  effecte  war*  oontrollad 
through  uaa  of  a  Oraco  Latin  Square. 

4.6  Virtual  Head  lip  Diaplay  (HUD)  Evaluation 

It  waa  anticipated  that  copilota  might  find  it  objaetionabl*  or  become 
diaorientad  with  tha  HMD  continually  praaanting  tha  aenaor  imagery  at  tha 
copilot  acannad  inetrumenta  inaida  tha  cockpit.  Conaaquantly ,  a  virtual 
HUD  praaentatlon  waa  included.  Aa  tha  copilot  turned  hit  helmet  away  from 
a  30  by  40  inch  window  located  atralght  ahead,  the  image  moved  off  of  tha 
HMD  aa  if  ha  war*  looking  at  a  atationary  HUD.  Tha  experimental  detigna 
ware  identical  to  thota  in  eactiona  4.4  (approach  and  landing)  and  4.3 
(enrouta)  with  the  traatmant  condition*  being  pilot  HMD  and  copilot  PMD, 
pilot  HMD  and  copilot  HMD,  and  pilot  HMD  and  copilot  HMD  with  virtual  HUD. 
Thia  evaluation  uaad  four  Float  Marin*  pilot*. 
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Figure  4-2.  Experimental  Matrix  for  Approach 
and  Landing  FOV  Evaluation 
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Figure  4-3.  Experimental  Matrix 
for  Approach  and  Landing  PMD-HMD 
Evaluation 
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Figure  4-4.  Experimental  Matrix  for  Approach  and 
Landing  PMD-HMD-CDU  Evaluation 


4.7  Side  Studies 

Time  permitted  examination  of  several  HNVS  issues  in  addition  to  the 
primary  research.  These  atudiea  did  not  warrant  full  scale  factorial 
treatment. 

4.7.1  Radar  Altitude  Analog  Scale 

Several  pilots  in  the  previous  phase  had  indicated  a  daaira  for 
changes  in  the  radar  altitude  analog  scale  and  digital  readout  at  low  alti¬ 
tudes.  The  purpose  of  this  study  was  to  determine  the  usefulness  of  remov¬ 
ing  the  analog  scale  while  using  the  hover  symbology,  and  moving  the  digi¬ 
tal  readout  to  the  midsaotion  of  the  right  hand  side  of  the  display.  The 
digital  readout  was  in  units  of  1  foot  below  25  feet.  Four  Fleet  Marine 
pilots  evaluated  these  changes. 

4.7.2  Landing  without  Simulated  Craw  Chief 

On  actual  operational  missions,  especially  night  landings,  pilots  are 
assisted  by  their  crew  chief  in  positioning  tha  aircraft  in  the  landing 
cone.  Crew  chiefs  verbally  advise  the  pilot  to  move  forward,  backward, 
left,  and  right  until  rotora  and  tail  are  dear  of  obstructions  and  landing 
may  be  safely  completed.  In  the  approach  and  landing  studies,  the  experi¬ 
menter  used  a  separate  display  to  determine  aircraft  position  in  the  land¬ 
ing  sone.  With  this  information,  the  experimenter  was  able  to  provide  the 
subject  pilots  with  the  same  verbal  oues  as  those  svsilable  from  crew 
chiefs  in  an  actual  mission. 

It  was  theorised  that  the  simulated  crew  chief  would  reduce  pilot 
reliance  on  symbology  during  landing.  Therefore,  pilots  ware  forced  to 
land  in  the  smaller  landing  sona  without  the  aid  of  the  simulated  crew 
chief,  using  only  the  gimballed  sensor  and  symbolic  information.  These 
landings  were  observed  to  define  the  extent  of  tensor  feedback  given  and 
the  effects  of  symbology  on  landing.  Four  Flest  Marina  pilots  were  used  in 
this  evaluation. 

4.7.3  Symbology  Attitude  Sized  to  the  30  Degree  Field  of  View  Imagery 

The  purpose  of  this  study  was  to  determine  what  effects,  if  any,  sit¬ 
ing  the  symbolic  horiaon  and  pitch  ladders  to  the  wide  FOV  would  have  on 
pilot  ebility  to  perform  the  mission  scenario.  Tha  pitch  ladders  repre¬ 
sented  3  degrees  and  10  degrees,  and  the  horison  indicator  was  pieced  on 
the  infinity  horison  of  the  image.  Again,  four  Fleet  Marina  pilots  parti¬ 
cipated. 

4.7.4  Partial  Ground  Stabilised  Sensor  versus  Aircraft  Stabilised  Sensor 

It  was  theorised  that  stabilising  tha  sensor  relative  to  the  ground 
would  reduce  crew  disorientation,  especially  during  the  final  landing 
approach.  The  sensor  for  the  ground  stabilised  mode  was  decoupled  in 
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pitch  but  remained  with  the  aircraft  in  roll  and  yaw.  The  pilot  or  copilot 
could  command  the  aeneor  mode  when  the  senaor  was  at  the  deeired  pitch 
angel  by  depressing  the  stabil iaation  switch  on  the  HNVS  control  panel 
(Figure  2-4).  Four  Fleet  Marine  pilots  were  used  in  this  study. 
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5.0  EXPERIMENTAL  PROCEDURES 


5.1  Preliminary  Brlnfingt 

Pilot*  mn  given  «n  STL  orientation,  a  system  briefing,  and  an 
experimental  briefing.  These  briefing*  provided  suhjenti  with  general 
facilities  information,  simulation  background,  and  experimental  procedure* 
and  requirements.  Additional  information  included  cockpit  control  func¬ 
tions  and  symbology  definition*  end  use*.  After  the  briefings,  pilot* 
received  a  foci li. tie*  tour  end  hands-on  instruction  in  the  cockpit  regard¬ 
ing  controt*  and  symbology, 

5.2  Training 

The  subject  pilot*,  were  required  to  assimilate  a  large  quantity  of 
highly  technical  information.  Tha  training  was  designed  ao;  that  the  pilots 
obtained  information  in  small  amounts  end  were  then  allowed  to  practice 
this  information  until  thsy  obtained  a  foundation  to  facilitate  further 
learning.  Preliminary  training  progreaacd  in  thi a  manner  until  ell  neces¬ 
sary  information  had  been  briefed  end  practiced. 

5.2.1  Controls  and  Symbology 

The  conference  room  briefing  included  a  handout  of  the  control  loca¬ 
tions  and  functions  plus  symbology  dsscriptions  and  functions.  Pilot 
ground  school  was  provided  to  facilitate  learning  prior  to  the  cockpit 
familiar isaeion  phase.  The  hands-on  cockpit  familiarisation  allowed  tima 
to  go  over  the  handouts  with  the  actual  instrumentation.  Each  pilot  was 
given  aoproximata ly  20  minutes  to  manipulate  the  controls  and  sea  the 
appropriate  symbology  functions. 

5.2.2  Integrated  Helmet  and  Display  Sight  System  (IKADSS) 

Ground  school  for  the  IHADSS  included  a  description  of  the  background, 
purpose,  system  configuration,  and  boraeight  method.  This  description  was 
given  after  the  STL  tour  and  cockpit  familiarisation.  Pilots  were  given 
instructions  on  how  to  borealght  the  IHADSS  and  cautions  regarding  handling 
the  HDU. 

A  representative  from  Honeywell  fit  each  pilot  with  halmst  liners.  A 
properly  fitting  halmst  is  essential  to  the  HMD,  and  this  was  accomplished 
prior  to  flight  training.  Ths  experiment or  assisted  each  pilot  on  initia¬ 
lisation  of  the  system  prior  to  the  first  flight. 
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5.2. 3  Control  and  Display  Unit  (CDU) 

Pilota  wart  given  general  CDU  information  aa  well  aa  a  atep-by-atep 
procedure  for  enroute  course  changes  when  applicable.  The  direct-to  (DIR) 
master  function  key  was  described  in  detail  and  pilota  reviewed  the  proce¬ 
dures  handout  prior  to  the  first  initialisation.  The  CDU  functions  are 
described  in  section  2.3,3, 

3.2.4  Plight  Training 

In  all  evaluations,  pilots  were  given  training  routes  to  fly  which 
used  sections  of  the  terrain  model  not  used  during  data  acquisition.  This 
minimised  memorisation  of  terrain  features  in  areas  of  data  flights.  The 
pilot  groups  progressed  through  fixed  and  motion-base  familiarisation 
flighta  and  finally  to  training  flight  configurations  which  mirrored  the 
data  acquisition  procedures.  All  experimental  conditions  in  each  evalua¬ 
tion  were  counterbalanced  throughout  the  training  Bastions  to  prevent  sepa¬ 
rate  learning  curves.  Pilot  learning  was  closely  monitored  to  ensure 
trainee  understanding. 

The  pilots  reached  a  point  in  training  when  they  stopped  learning  con¬ 
trol  functions,  simulator  operation,  aisaion  requirements,  definitions  of 
symbology,  and  other  characteristics  of  the  system.  At  this  point  their 
learning  curve  began  to  level  off  and  performance  improvements  ware  a  func¬ 
tion  of  practice  rather  than  additional  learning,  Crash  rates  due  to 
erratic  flight  and  misunderstanding  of  symbology  and  controls  decreased, 
and  flight  altitudes  and  speeds  became  consistent.  Touchdown  information 
on  drift  and  time  also  indicated  improved  performance.  When  all  pilota  in 
the  group  approached  their  learning  asymptote,  as  evidenced  in  their  per¬ 
formance,  data  collection  commenced.  This  judgement  was  made  by  the 
experimenter  and  test  conductor. 

5.3  Data  Collection 

5.3.1  Briefings 

Before  each  session  of  runs,  pilots  were  briefed  on  the  mission 
scenarios.  Pilots  were  given  area  terrain  maps  in  the  order  they  were  to 
fly  them.  The  maps  indicated  routes  with  the  checkpoints  and  landing  aones 
Identified.  Additionally,  B  by  10  inch  black  and  white  reconnaissance 
photos  of  the  landing  aonaa  with  the  inbound  and  outbound  headings  depicted 
were  provided.  Pilota  were  given  time  to  study  the  routes  prior  to 
flight. 


5.3.2  Procedures 

The  approach  and  landing  studies  emphasised  the  terminal  phase  of  the 
mission  end  used  the  240; 1  scale.  Bach  data  run  began  2  to  3  nmi  from  the 
landing  zona.  Pilots  ware  instructed  to  remain  below  100  feat  above  ground 
level  (AGL)  90  percent  of  the  time  and  fly  at  the  fattest  forward  safe 
speed.  They  navigated  using  two  checkpoints,  made  an  approach  and  landed 
at  the  prebriefed  location,  lifted  off  and  departed  on  an  outbound  heading. 
The  simulated  crew  chief  assisted  in  the  landing  phase  only  after  a  pilot 
verbal  request  and  within  0.1  nmi  from  the  landing  point. 


The  enroute  studies  emphasized  the  navigation  phase  of  the  mission  and 
used  the  1200:1  scale.  Each  data  run  began  approximately  15  nmi  from  the 
landing  zone.  Instructions  were  the  same  ae  in  the  approach  and  landing 
atudiea  regarding  staying  below  100  feet  AGL  90  percent  of  the  time  at  the 
fastest  safe  speed.  Pilots  navigated  using  three  checkpoints,  made  an 
approach  and  hovered  over  the  designated  landing  point,  and  departed  on  an 
outbound  heading.  On  preselected  data  runs,  pilots  were  instructed  (with¬ 
out  warning)  to  divert  to  an  alternate  route. 

5.3.3  Debriefings 

The  pilots  participated  in  informal  defrlefing  sessions  at  the  con¬ 
clusion  of  data  run  sets  and  completed  extensive  debrief  questionnaires 
upon  conclusion  of  the  data  sessions  for  all  evaluations.  The  informal 
debriefing  sessions  and  quastionnaires  were  designed  to  obtain  subjective 
information  from  the  participants  on  relevant  HNV8  issues. 
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6.0  PILOT  PERFORMANCE  RESULTS 

The  crew  performance  meaauraa  are  shown  in  Table  6-1  for  approach  and 
landing  and  Table  6-11  for  Che  enroute  phase.  The  approach  and  landing 
phase  is  concerned  with  Che  terminal  portion  of  the  mission  and  the  enroute 
phase  with  navigation  performance.  The  data  discussed  in  this  section 
refers  to  the  performance  measures  established  in  these  tables. 


TABLE  6-1 

Pilot  Performance  Measures  for  Approach  and 
Landing  Evaluation  (240:1  Scale) 


ALTITUDI  (ML) 

1.BT0  0.ENMI 
FROM  LANDING  ZONE 

GROUND  SPEED 
1.B  TO  0,fl  NMI 
FROM  LANDING  ZONE 

SENIOR  FIELD  OF  REGARD 
1.BT00.SNMI 
0.S  NMI  TO  TOUCHDOWN 
LIFTOFF  TO  1.0  NMI 

FIILD  OF  VIEW 
1.B  TO  O.B  NMI 
O.fl  NMI  TO  TOUCHDOWN 
LIFTOFF  TO  1.0  NMI 

NARROW  FOV  COMMANDS 
1.B  NMI  TO  TOUCHDOWN 

8WITCH  ACTIVATION’ 

HAOIAL  LANDING  IRROH 

SETDOWN  RATES 


NUMBER  OF  CRASHES 


LANDING  TIME 


AIRCRAFT  STATUS 

(DISTANCE 

DISTRIBUTION! 


AIRCRAFT  STATUS 
(TIME  DISTRIBUTION! 


MIAN 

DISTRIBUTION  (10  FOOT  INTERVALS) 

0  TO  380  FEET 

MEAN 

DISTRIBUTION  (10  KNOT  INTERVALBI 
0  TO  110  KNOTS 

MIAN  AZIMUTH  AND  ELEVATION 
DISTRIBUTION  IB  DECREE  INTERVALS) 


PERCENT  OF  TIME  NARROW  AND  WIDE 
PERCENT  OP  PILOT  OR  COPILOT  CONTROL 


MIAN  DISTANCE 

DISTRIBUTION  10.1  NMI  INTER VAL8I 

ACTIVATION  TIME  ISSCONDS) 

DISTANCE  IN  FEET  PROM  SPECIFIED  LANDING 

SPOT,  PERCENT  OF  MAX  ALLOWABLE  ERROR 

VELOCITIES  AT  SETDOWN  IN  PT/S 
X  ILONQITUDINA  u  AIRCRAFT  AXIS  DrtIFTI 
Y  (LATERAL  AIRCRAP  r  AXIS  DRIFT) 

Z  (VliRTICAL  AIRCRAFT  AXIJDRIFTI 

GROUND  IMPACT 

TREESOR  OBSTRUCTIONS 

TIME  (SECONDS)  BETWEEN  O.B  MILE  AND 

TOUCHDOWN 

STATUS  AT  0.1  NMI  INTERVALS 
STARTING  AT  1.0  NMI  INBOUND 
ENDING  AT  1,0  NMI  OUTBOUND 
QROUNDSPEED  (KNOTS! 

VERTICAL  SPEED  (FT/MIN) 

RADAR  ALTITUDE  IFEETI 
PITCH  (DSORDESI 
TIME  (SECONDS) 

COLLECTIVE  (PERCENT  OF  TOROUEI 

STATUS  AT  2  SECOND  INTERVALS 
l  AST  MINUTE  BEFORE  TOUCHDOWN 
FIRST  MINUTE  AFTER  LIFTOFF 
OHOUNOSPEED  IKNOTSI 
VERTICAL  SPEED  (FT/MINI 
RADAR  ALTITUDE  IPECTI 
PITCH  IDIGNEESI 
DISTANCE  TO  TO  POINT  IFSET) 
COLLECTIVE  (PERCENT  OF  TOROUEI 


mm pa 


TABLE  6-II 


Pilot  Performance  Measures  for  Enroute 
Evaluations  (12001 1  Scale) 


MTAIURI 

INDEX 

ALTITUDE  (AQU 

DIITRIIUTION  no  POO  ( INTERVAL!)  0  tQ  *0  MET  ' 

OrtDUNDMtll) 

MITRIIUtlON  MO  KNOT  INtIR  VALI1  U  TO  1KJ  KNOT| 

CHICKPOINT  ARRIVAL  -  < 
LANDING  IONC  10NMI 
ARRIVAL 

TIME  IIECQNUII 

COD  INPUT! 

WOOL'  WITCH  AND  LINK 

Kit  ACTIVATION  TIME!  lltCONOll 

IRROR  COUNT 

IENIOA  ClkLbOMFOARt) 

MEAN  AllMUTH  AND  ELEVATION 

DIITRIIUTION  lb  DIQRIK  INTERVAL!) 

HfcLOOF  VIEW 

PIRCINT  Of  TIME  NARMOW  AND  NIUE 

PIHclNT  OP  PILOT  (JR  COPILOT  CONTROL 

PILOT  WORKLOAD 

CONTROL  ACTIVITY  IHIOH  PHEMUENCV) 

AIRCRAFT  ANGULAR RAtll 

•WITCH  ACTIVATION! 

AO Tl VAf ION  THAI  IIICONQI) 

NOTE'  ALL  MCAKURII  START  T  MINUTE  INTO  RUN  AND  IND  1  NAUTICAL  Mill  IHoM 
LANDING  IONIi 

6.1  Approach  and  Landing  Symbology  Evaluation 

Data  ware  gathered  during  the  symbology  evaluation  primarily  to  deter¬ 
mine  the  effects  of  symbology  sat  and  landing  sons  (LZ)  difficulty  on  pilot 
performance.  Analysis  of  various  groups  of  data  are  discussed  below. 

6.1.1  Analysis  of  Variance  -  Touchdown  Data  (Symbology!  Approaoh  and 
Landing) 

,  I 

An  analysis  of  variance  (ANOVA)  was  conducted  to  determine  the  effect 
of  the  independent  variables  of  symbology  set  and  LZ  difficulty  level  on 
pilot  touchdown  performance  (Table  6-1).  The  dependent  variables  were 
landing  time  (in  seconds),  distance  in  feet  from  e  predescribad  touchdown 
point  (radial  landing  error),  longitudinal  aircraft  axis  drift  (X  drift), 
lateral  aircraft  axis  drift  (Y  drift),  and  vertical  aircraft  axia  drift  (Z 
drift)  in  feat  per  aecond.  Aa  shown  in  Tabls  6- III,  no  signifiesnt  dif¬ 
ferences  (p  _<  0.10)  wera  found  in  the  dependant  variablaa  as  s  function  of 
symbology  *eF  with  tha  exception  of  right  lateral  drift  (+Y),  The  effects 
of  LZ  aiae  on  landing  time  and  radial  landing  arror  ware  predictable  (l.e. , 
the  smaller  the  LZ,  the  longer  the  landing  time  and  the  smaller  the  radial 
landing  error).  The  hover  symbology  aet  had  the  smallest  time  spresd  and 
error  difference*  between  sone  sites. 

Significant  interaction  effects  ware  found  batweon  symbology  sst  and 
difficulty  level  with  landing  time,  positive  X  drift  (forward),  and  Z 
drift.  As  shown  in  Table  6-1V,  tha  window  box  large  sone  had  the  shorteat 
landing  time  (126  seconds)  followed  by  the  hover  meter  large  cone  (130 
seconds).  Pilots  using  tha  flight  aymbology  in  the  very  small  tone  had  tha 
longest  landing  time  (273  seconds),  and  tha  hover  meter  small  aone  the  next 
to  tha  longest  time  (263  seconds).  The  least  amount  of  X  drift  was  with 
the  hover  aymbology  in  the  large  sone  (0.003  ft/s).  The  largest  amount  of 
positiva  X  drift  nppearad  with  tha  flight  act  small  sone  (3.2  ft/s).  The 
rate  f  descent  (Z  drift)  was  lowest  with  the  hovsr  meter  in  the  small  tone 
(3.12  ft/s)  followed  by  the  window  box  in  the  medium  sited  cone  (3.32 
ft/a),  Tha  fastest  daacant  rata  waa  found  in  th*  window  box  (8.65  ft/s)  In 
the  very  small  aone  and  the  flight  symbology  small  aona  (8.33  ft/s).  The 
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radial  landing  arror  was  tha  smallest  whan  using  the  hover  symbology  In  the 
smallest  LZ  (22.7  feet),  and  tha  largaat  with  tha  hover  meter  In  tha  medium 
slaed  LZ  (70.6  feet).  Negative  Y  drift  (leftward)  wet  not  affected  by  LZ 
site  and  was  the  smallest  with  the  hover  symbology  set  (0.89  ft/s).  Gen¬ 
erally,  difficulty  of  tha  LZ  alia  alfects  pilot  performance  at  touchdown 
more  than  tha  hover  symbology  sat.  The  smaller  the  LZ,  the  more  workload 
requirement  on  the  pilot  to  land  aafely.  The  test  conductor  (acting  as 
simulated  crew  chief),  available  on  call  by  the  pilots,  helped  direct  them 
into  the  LZ  thereby  reducing  pilot  reliance  on  symbology. 

Although  no  symbology  sat  consistently  exhibited  the  best  performance 
on  all  measures,  certain  patterns  are  discernible.  Table  6-V  contains  the 
relative  performance  ranking  between  symbology  sets.  The  hover  symbology 
set  had  the  shortest  landing  time  across  LZ  siaes,  the  lowest  X  drift 
across  LZ  siaes,  the  smalleat  landing  error,  the  lowest  rate  of  descent  (Z 
drift),  and  the  smallest  Y  drift.  In  the  overall  rankings,  the  hover  sym¬ 
bology  ranked  number  one  in  performance  and  the  window  box  second.  Hover 
symbology  ranked  highest  because  it  provides  the  pilot  with  more  informa¬ 
tion  with  which  to  control  aircraft  horleontal  position  th  a  hover,  flight 
symbology  ranked  third  in  performance  because  the  pilot  had  only  Doppler 
speed  and  the  display  imagery  to  indicate  the  drift  rate. 

'  In  summary,  the  hover  symbology  Had  thi»  beat  landing  performance  over¬ 
all,  followed  by  the  window  box  symbology. 

6.1.2  amoothness  of  Approach  end  Lending  (Symbology:  Approach  and 
Landing) 

During  each  approach  and  landing  data  run,  aircraft  performance  varia¬ 
bles  were  recorded  every  other  second  during  the  60  seconds  prior  to  touch¬ 
down  as  well  as  every  0.1  nmi  within  1.0  nmi  of  touchdown.  To  assess  the 
pilot's  visual  Interpretation  of  the  different  graphical  presentations  of 
hover  symbology  sets  vid  his  ability  to  transfer  this  interpretation  to 
controlling  the  airoraft  during  the  approach  and  landing  phase,  time  and 
distance  distributions  for  smoothnass  of  approach  and  touchdown  were  pro¬ 
jected.  The  performance  variables  in  these  distributions  were:  radar 
attitude,  rate  of  deecent,  groundapeed,  pitch  angle,  and  collective  appli¬ 
cation  in  percent  torque.  These  distributions  are  defined  under  aircraft 
status  in  Table  6-1.  A  second  order  polynomial  was  fitted  to  the  data 
bcoauia  »  parfactly  smooth  approach  titd  landing  would  follow  a  aacond  otdar 
polynomial  eurve.  The  residual  mean  square  for  the  second  degree  poly¬ 
nomial  was  used  as  an  indication  of  dlffencee  in  smoothness  between  actual 
and  ideal  approaches  as  Indicated  by  the  experimental  variables.  In  a 
second  order  polynomial  equation,  the  Independent  variable  is  raised  to  the 
second  power.  This  second  order  indicates  that  there  Is  a  single  bend  In 
the  regression  curve.  We  would  not  expect  the  pilots  to  fly  straight  Into 
the  I.Z  due  to  the  terrain  obstacles.  The  ideal  flight  path  is  a  smooth 
approach  with  one  bend  to  get  over  the  trees  that  are  around  tha  LZ. 
Analysis  of  variance  was  performed  on  the  distributions  to  examine  any  dif¬ 
ferences  in  approach  smoothnesa  or  consistency.  The  probability  limit  for 
significance  was  p  <.  0.10. 

Significant  differences  in  smoothness  of  approach  were  found  in  two 
distributions.  Pirst,  the  flight  symbology  (no  hover  set)  had  the  most 
consistent  pitch  angle  In  the  distance  distribution  during  approach. 
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Figure  6-1  indicates  the  pitch  angle  of  the  four  symbology  aeta  from  1.0 
nmi  to  touchdown.  The  LZ  sises  did  not  aignificantly  affect  pitch  angle 
and  were  combined  aoroas  aymbology  aeta.  The  hover  aymbology  had  the  next 
amootheet  pitch  angle  followed  by  the  hover  meter  and  the  window  box 
reapectively.  Second,  ‘the  LZ  difficulty  affected  the  radar  altitude  aa  a 
function  of  the  diatance  dletribution.  The  radar  altitude  approach  glide 
path  waa  more  stable  for  the  email  LZa  than  for  the  larger  aonea  (Figure 
6-3).  Pilota  were  required  to  have  their  altitude  and  airapeed  under  con¬ 
trol  to  eafely  enter  the  small  aonea.  The  aymbology  aeta  did  not  aignifi¬ 
cantly  affect  the  radar  altitude  and  ware  combined  across  LZa.  Additional 
approach  trends,  although  not  statistically  significant,  show  the  hover 
meter  to  have  the  smoothest  approach  with  respect  to  descent  rate,  speed, 
and  percent  torque.  Grounds peed  trends  are  ahown  in  Pigure  6-3.  The  set- 
down  results  showed  the  amootheet  pitch  angle,  speed,  and  radar  altitude  to 
be  with  the  window  box.  Additionally,  the  hover  aymbology  set  showed  a 
amooth  descent  rate.  The  inconsistent  aymbology  trends  in  aircraft  alti¬ 
tude  during  the  last  *ew  aeconda  (time  distribution)  and  nautical  mile 
(distance  distribution)  before  touchdown  indicate  that  the  various  hover 
symbology  sets  have  little  effect  on  smoothness  of  approach.  This  might  be 
explained  by  the  Information  common  to  all  symbology  sets  ( 1 . a . ,  ground- 
speed,  rate  of  descent,  radar  altitude,  and  torque)  giving  necessary  land¬ 
ing  data,  as  well  as  the  simulated  crew  chief  available  on  call  by  the 
pilot  for  additional  landing  information. 

6.1.3  Crash  Rates  (Symbology!  Approach  and  Landing) 

Chi-square  analysis  was  performed  on  the  number  of  nonorash  landings 
based  on  total  attempts  to  land.  This  analysis  showed  no  significant  fre¬ 
quency  differences  as  a  function  of  symbology  set  or  difficulty  level, 

There  were  very  few  landings  that  would  not  be  classified  as  poor  or 
technical  crashes  by  the  criterion  established  in  the  tost  plan  and  ahown 
in  Table  6-VI.  The  rate  of  descent  was  the  most  frequent  oause  for  poor 
landings  across  all  experimental  conditions  followed  by  pitch  angle  and 
rearward  drift  respectively.  The  most  frequent  cause  of  technical  crashes 
exceeding  the  established  criterion  waa  pitch  angle  followed  by  rate  of 
descent.  There  were  very  few  poor  landings  or  crashes  caused  by  left  and 
right  roll  or  forward  drift.  No  landings  exceeded  the  criteria  for  side 
drift  (Y).  The  frequencies  and  types  of  poor  landings  and  crashes  were 
fairly  evenly  dispersed  across  all  treatment  conditions. 

6.1.4  Discrete  Activities  (Symbology!  Approach  and  Landing) 

6. 1.4.1  Percent  Time  Narrow  Field  of  View  Commanded 

Only  the  pilot  in  command  (the  pilot  at  the  controls)  made  the  POV 
commands  for  this  group  of  subjects.  Thera  were  no  FOV  commands  in  the 
approach  phase  and  very  few  in  the  landing  and  takeoff  phases,  There  was 
minimal  variability  in  percentages  of  time  in  the  narrow  FOV  as  a  function 
of  LZ  sise  and  virtually  no  variability  due  to  symbology  set.  This  was 
predictable  since  all  of  the  hover  symbology  seta  are  only  used  during 


landing.  In  che  landing  phaae,  the  largest  percentage  of  time  spent  in 
narrow  FOV  was  0.41  percent  in  the  large  alee  LZ,  end  the  least  amount  of 
time  was  0.089  percent  in  the  medium  else  landing  aone. 

6. 1.4.2  Sensor  Actuationa  par  Run 

Sensor  slewing  was  shared  by  pilot  and  copilot.  As  shown  in  Figure 
6-4,  there  was  a  large  variability  in  sensor  usage  between  experimental 
conditions  and  between  pilot  in  command  and  copilot.  Overall ,  the  copilot 
slews  the  sensor  mors  than  the  pilot  especially  in  the  small  and  vary  small 
LZa.  The  pilot  and  copilot  frequency  differences  were  less  pronounced  in 
the  large  and  medium  tones.  One  explanation  of  this  difference  would  be 
the  necessity  for  increased  pilot  attention  to  flying  the  aircraft  when 
landing  in  the  smaller'  cones.  The  trend  of  more  sensor  slewing  in  the 
smaller  cones  would  indicate  a  need  to  examine  the  small  landing  area  for 
obstacles  with  the  copilot  in  control  of  the  sensor*  thereby  freeing  the 
pilot  in  command  for  the  actual  landing  raquirementa.  The  frequency  of 
sensor  slewing  is  important  since  the  data  runa  ware  of  relatively  short 
duration  (approximately  3  miles  long).  The  crews  usod  the  gimballed  sensor 
during  these  short  flights  proportionally  more  often  than  observed  during 
the  longer  enroute  data  runs  of  previous  simulations  (Reference  3). 

6. 1.4. 3  Sensor  Asimuth  and  Elevation 

Sensor  aeimuth  and  elevation  data  during  the  approach  portion  of  the 
symbology  evaluation  data  runa  indloated  little  difference  due  to  experi¬ 
mental  conditions.  This  was  axpaetad  since  the  flight  symbology  was  used 
during  the  entire  approach  portion  of  the  mission.  During  the  transition 
and  landing  portions  of  the  data  runt,  the  differences  were  small  as  a 
function  of  experimental  condition. 

Figures  6-3  through  6-8  display  the  percent  of  time  spent  at  each 
asimuth  gimbal  angle  for  the  experimental  conditione  of  symbology  formats 
and  LZ  tisa.  The  sensor  was  not  slewed  more  than  30  degrees  to  the  left  or 

43  degrees  to  the  right,  and  remained  centered  99  percent  of  the  time.  The 

spurious  peaks  at  several  asimuth  angles  were  not  consistent  by  LZ  else  or 
symbology  set  and  are  probably  due  to  chance,  The  very  small  cone  resulted 
in  the  most  variability  in  elevation  (Figure  6-9).  The  sensor  remained 
centered  in  elevation  che  least  amount  of  time  with  the  flight  symbology 
(64  percent)  followed  by  the  hover  (79  percent),  hover  meter  (63  percent), 

and  window  box  (89  percent).  The  sensor  was  never  slewed  up  and  was  slewed 

the  farthest  down  with  ths  hover  meter  (30  degrees  down).  Aside  from  the 
small  LZ,  the  remaining  LZ  sises  show  very  little  sensor  slewing  in  eleva¬ 
tion  (Figures  6-10  through  6-12). 

6,2  Approach  and  Landing  FOV  Evaluation 

Data  were  gathered  during  the  FOV  evaluation  primarily  to  datarmlns 
the  effects  of  FOV  and  LZ  difficulty  on  pilot  performance  (Table  6-1). 

After  two  pilot  groups  (eight  pilots)  had  completed  the  FOV  svaluetton,  a 
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Figure  6-1.0.  Sensor  Elevation  Gimbal  Angle  Die tributiom  Small  LZ 


program  review  was  held  to  discuss  the  70V  preliminary  data  reaulta.  The 
consensus  reached  at  that  program  review  was  that  the  data  generated  by 
these  two  pilot  groups  were  sufficient  to  evaluate  70V  effects  on  pilot 
performance  and  that  the  remaining  pilot  group  event  would  be  rescheduled 
for  incorporating  the  Honeywell  XHADB8  hardware  into  the  cockpit  for  the 
copilot  virtual  UUD  evaluation.  Therefore,  the  data  discusaed  for  the  70V 
evaluation  is  based  on  eight  pilots  rather  than  the  standard  three  pilot 
groups  of  four  pilots  for  a  total  of  twelve  uaed  throughout  the  reat  of 
this  simulation  experiment. 

6.2.1  Touchdown  end  Enroute  Data  (70V:  Approach  and  banding) 

Touchdown  performance  was  analysed  on  five  dependent  variablea:  land¬ 
ing  time,  radial  landing  error,  X  drift,  Y  drift,  and  Z  drift  during  lend¬ 
ing;  and  three  approach  variables:  average  altitude,  average  groundspaed, 
and  percent  of  time  under  100  feet  during  the  approach  portion  of  the  data 
run.  The  independent  variables  ware  70V  and  LZ  difficulty.  Table  6-VII 
shows  no  significant  touchdown  performance  affects  due  to  70V  or  LZ  sisa. 
Although  not  significantly  different,  wide  and  dual  70Ve  tend  to  result  in 
better  performance,  on  moat  variables,  than  did  the  narrow  70V.  Thera  is  a 
significant  interaction  effect  between  70V  and  LZ  difficulty  level  with 
reference  to  rate  of  descent  (Z  drift).  Wide  70V,  in  the  large  sone 
resulted  in  the  smallest  drift  ftl'iowed  by  wide  70V  in  the  medium  sone. 
Tables  6-VIII  and  6-lK  show  that  tua  wide  70V  reaulted  in  the  smallest  rate 
of  descant,  followed  by  the  dual  70V. 

6.2.2  Smoothness  of  Approach  and  Landing  (70V:  Approach  and  Landing) 

Regression  analyses  ware  run  on  time  end  distance  distributions  of 
performance  variables  aa  in  section  6.1.2.  The  differences  in  residuals 
for  radar  altitude  over  distance  were  significant  by  LZ  sisa  and  70V  con¬ 
figuration.  7igure  6-13  shows  Che  average  radar  altitude  in  the  terminal 
landing  phasa  for  wide,  narrow,  and  dual  70V  (across  all  sone  sices).  This 
figure  shows  that  altitude  control  using  the  wide  70V  is  less  variable  when 
compared  to  a  more  erratic  approach  profile  using  tha  narrow  70V.  Regard- 
leaa  of  tha  FOV  configuration,  tha  pilots  tand  to  approach  wall  above  tha 
trees  (average  80  foot  tree  height)  end  let  down  vertically.  Tha  radar 
altitude  for  LZ  approach  was  significantly  amoother  in  wide  70V  than  in 
narrow.  The  approach  radar  altitude  for  tha  two  small  LZs  combined  was 
significantly  smoothar  than  for  tha  two  larger  LZs  combined  (Figure  6-14). 
This  would  indicate  a  more  controlled  altitude  approach  for  tha  difficult 
landing  aonea  than  for  tha  easier  sone*.  There  were  no  eignificant  inter¬ 
action  affects  bstwaan  LZ  sise  and  FOV. 

The  vertical  rate  of  descent  across  distance  was  significantly 
amoother  for  the  smaller  two  LZs  than  for  tha  larger  two.  This  again  indi¬ 
cated  the  necessity  for  a  smooth  approach  into  the  smaller  tones.  Figure 
6-13  indicates  a  rapid  descent  rate  at  0.3  nmi  in  the  small  landing  and 
then  a  climb  to  clear  tha  trees.  Approach  into  larger  tones  had  an  erratic 
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TABLE  6- VI XX 

, , Significant  F(W  1  Evaluation 
Touchdown  Data 


2  DRIFT  GY  LANDING  ZONE  SIZE  | 
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LARGE 
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3.02 

2.88 

NARROW 
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2.88 
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TABLE  6- IX 
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descant  rate.  Rata  of  decent  wea  not  affected  by  FOV.  Collective  applica¬ 
tion  aa  indicated  by  the  variation  in  torque  across  time  was  also  signi¬ 
ficantly  more  atable  for  amall  so ns a  than  for  larger  sonea  (Figure  6-16). 
Nonsignificant  trends  in  the  approach  distributions  indicate  an  incon¬ 
sistent  speed  for  narrow  FOV.  This  ia  parhape  due  to  misjudgement  of  air¬ 
craft  distance  to  the  cones  whan  in  narrow  FOV.  Generally,  the  distribu¬ 
tion  again  indicates  that  difficulty  level  affects  performance  more  than 
FOV. 

6.2.3  Crash  Rates  (FOV:  Approach  and  Landing) 

Chi-square  analysis  of  the  number  of  total  attempts  resulting  in  lend¬ 
ings  showed  that  the  frequency  differences  were  probably  not  due  to  chance 
(p  *  0.0033),  i.a.,  difficulty  level  combined  with  FOV  affects  the  rets  of 
successful  landing  attempts  (Table  6-X).  The  narrow  FOV  had  the  smallest 
percentage  of  landings  par  attempts  (46  percent)  in  the  medium  LZ.  The 
highest  landing  rate  pet  attempts  (100  percent)  was  with  the  wide  FOV  in 
very  small  LZs.  Examination  of  FOV  and  difficulty  level  independently  did 
not  result  in  significant  differences. 

The  technical  poor  landings  were  due  to  pitch  angle,  rate  of  daecent, 
and  rearward  drift  with  equal  frequencies,  The  narrow  FOV  had  the  most 
poor  landings  followed  by  dual  and  wide  respectively.  However,  the  dif¬ 
ferences  in  frequencies  were  net  statistically  significant  (Table  6-Xl). 
There  were  no  technical  crashes  in  the  FOV  evaluation. 

6.2.4  Discrete  Activities  (FOV:  Approach  and  Landing) 

6.2.4. 1  Percent  Time  Narrow  FOV  Commanded 

The  pilot  at  tha  controls  of  the  aircraft  in  the  FOV  evaluation  made 
the  majority  of  FOV  selections.  Table  6-XXI  shows  the  percentage  of  time 
spent  in  narrow  FOV  by  tha  flight  phase  and  LZ  difficulty  level.  The 
pilots  were  briefed  before  eaoh  deta  run  sat  and  encouraged  to  use  their 
dual  FOV  capability.  However,  the  largest  amount  of  time  spent  in  the  nar¬ 
row  FOV  by  the  pilot  was  only  2.09  percent  during  approach  to  the  amallaat 
LZ.  The  amount  of  time  in  narrow  FOV  dacreasod  markedly  during  landing  and 
takeoff,  Without  continued  encouragement,  the  pilots  tended  to  not  use  the 
narrow  FOV.  The  pilots  apparently  felt  the  wide  FOV  presented  sufficient 
visual  feedback  to  accomplish  the  approach,  landing,  and  takeoff  phases  of 
the  mission. 

6. 2. 4. 2  Sensor  Actuations  per  Run 

Figure  6-17  indicates  a  large  variability  in  the  number  of  sensor 
actuations  per  data  run.  Sensor  slewing  wes  shared  by  tha  pilot  and 
copilot;  however,  the  copilot  slews  the  sensor  more  often  than  the  pilot  at 
the  controls  of  the  aircraft  and  more  frequently  in  the  smaller  LZs,  rein¬ 
forcing  the  need  for  a  center  console  sensor  control  capability.  The  larg¬ 
est  frequency  of  sensor  actuations  occurad  in  the  very  small  sons  in  narrow 
FOV.  This  would  indicate  a  necessity  to  look  around  to  overcome  the 
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Figaro  6-16.  Percentage  of  Torque  Applied  during 
Lending  Phase  by  LZ  Only 
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TABLE  6-XI 


Field  of  View  Evaluation!  Technical  Poor  Lund Inc i 
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TABLE  6-XII 

Percentage  of  Tina  in  Narrow  FOV 
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reduced  Imagery  also  of  the  narrow  FOV.  For  mail  eones,  Cha  wida  FOV 
required  tha  laaat  n unbar  of  aanaar  actuation*.  The  moan  data  ahovn  hara 
includaa  all  phasae  of  tha  flight,  but  tha  approach  phaaa  taken  aaparataly 
i*  oonaiatant  (l.*.,  generally  nor*  janaor  actuation*  par  run  for  tha 
forced  narrow  FOV).  Tha  naan  diatanc*  to  tha  next  checkpoint  at  which  aan- 
aor  alawing  oocurad  waa  0.32  nni  and  waa  not  affactad  by  axparlmantal  con¬ 
dition  (Table  Hill).  Sinca  the  avarag*  diatanc*  between  checkpoint*  waa 
approximately  0.7S  nni,  a  naan  aanaor  alawing  diatanc*  of  0,32  nni  indi¬ 
cate*  that  pilot*  clawed  tha  aanaor  throughout  each  lag  for  terrain  avoid¬ 
ance  aa  oppoaed  to  looking  for  checkpoint*  at  the  end  of  !*»,*.  Overall, 
tha  pilot  group*  ua*d  the  global lad  aanaor  proportionally  nor*  often  than 
obaervad  during  the  longer  anrouta  data  run*  of  previou*  aituation* 
(Reference  5), 

6. 2. 4. 3  Sanaor  Aainuth  and  Slavation 

During  the  approach  (1.3  to  0.6  nni  fron  touchdown)  and  takeoff 
(touchdown  to  1.0  nni  out)  phaaa* ,  the  aanaor  remained  centered  90  percent 
of  the  tin*  and  remained  within  23  degreaa  of  canter  all  of  tha  time.  Tha 
narrow  FOV  had  alightly  more  aanaor  actuation*  than  dual  end  wide.  Figure* 
6-18  and  6-19  ahow  the  aainuth  and  elevation  ginbal  angle*  for  the  landing 
phaaa,  Tha  orewa  uaad  a  larger  field  of  regard  rang*  in  tha  narrow  FOV, 
praaumably  to  compensate  for  the  reduced  FOV.  In  all  FOV*,  tha  sanaor  wa* 
never  dewed  up  and  wa*  alewad  down  whan  entering  tha  U  to  oompanaata  for 
tha  high  airoraft  noa*  up  attitude  during  deceleration. 

Tha  landing  phaaa  required  move  alawing  of  the  aanaor,  During  land¬ 
ing,  tha  aanaor  remained  centered  90  percent  of  tha  time  and  within  60 
degree*  of  center  all  of  th*  time  in  aaimuth.  In  elevation,  tha  aanaor 
remained  level  30  to  63  percent  of  th*  time,  waa  never  alewad  up,  and  waa 
alawad  down  60  dagraaa  laaa  than  0.01  percent  of  th*  time. 

6.3  Approach  and  Landing  PMD-KMD  Evaluation 

During  th*  third  study,  craw  performance  date  were  gathered  with  the 
pilot  and  copilot  uaing  three  combinations  of  the  HMD  and  PHD.  Tha  com¬ 
bination*  under  atudy  vara;  pilot  and  copilot  uaing  a  PMD;  pilot  uaing  an 
HMD  end  copilot  uaing  a  PMD;  pilot  and  copilot  uaing  a  HMD.  Analysis  of 
performance  data  appear  below. 

6,3.1  Touchdown  and  Enrout*  Data 

Th*  touchdown  performance  data  ware  anelyaed  on  fiv*  dependant  vari¬ 
ables  (lending  time,  redial  landing  error,  X  drift,  Y  drift,  and  Z  drift) 
and  three  approach  variables  (percent  under  100  feat,  average  altitude,  and 
avarag*  groundspaad).  Th*  independent  variable*  ware  three  display  con¬ 
figurational  PMD-PMD,  PMD- HMD,  and  HMD-HMD.  Table  6-XIV  show*  th#  level* 
of  significance  resulting  from  this  analysis.  Tha  significant  diffaranc* 
in  landing  error  waa  expected  aa  a  function  of  aona  aiaa.  Although  no  dis¬ 
play  combinations  resulted  in  significant  performance  diffaranc**,  trends 
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in  favor  of  th*  HMD  combination*  do  appear.  HMD-PMD  had  cha  graataat  time 
undar  100  foet,  tha  loweat  mean  radar  altitude,  tha  only  raaan  altitude 
under  100  feet,  and  the  leaat  amount  of  Z  drift.  Table*  6-XV  through 
6-XVIII  show  the  touchdown  and  approach  result*  and  relative  ranking*  of 
thaa*  raaulta  batwaan  diapiay  configuration*.  Tha  HMD-HMD  combination  had 
tha  ahorteat  landing  tlma  and  tha  bait  ovarall  ranking  on  touchdown  per¬ 
formance.  Thaaa  raaulta  indicata  that  it  ia  the  pilot'*  diapiay  that 
affecta  performance,  and  the  parformanc*  ia  batter  with  th*  HMD. 

6.3.2  Smoothnees  of  Approach  and  Landing  (HMD/PMDs  Approach  and  Landing) 

Ragreaaion  analyaaa  vara  run  on  tha  diatributiona  aa  detailed  in  aac- 
tion  6.1.2.  The  radar  altitude  for  th*  laat  nautical  mile  before  touchdown 
waa  aignificantly  (p  “  0.10)  amoother  for  th*  HMD-PMD  configuration  than 
for  PMD-PMD.  Figure  6-20  ahova  th*  radar  altitude*  approaching  the  LZ  a* 
lower  and  amoothar  for  tha  HMD-PMD  configuration.  Significant  difference* 
in  diatanca  diatributiona  wara  alao  found  in  pitch  angle.  Tha  pitch  angle 
for  th*  HMD-HMD  waa  aignificantly  (p  -  0.0028)  amoothar  than  PMD-PMD,  and 
difficulty  level  1  (email  LZ)  waa  aignificantly  amoothar  than  level  2 
(large  LZ).  Thia  ia  ahovn  in  Figure*  6-21  and  6-22,  Examination  of  tha 
time  diatribution  indicated  th*  rat*  of  daaeant  to  be  more  conaiatent  for 
the  larger  LZa.  The  diapiay  combination  trenda,  although  not  atatiatically 
aignlficant,  ahow  the  PMD-PMD  combination  to  be  more  erratic  acroaa  all 
variable*  than  both  configuration*  in  which  tha  pilot  uaea  the  HMD, 

6.3.3  Craah  Rate*  (KMD/PMD:  Approach  and  Landing) 

An  examination  (by  chi-aquar*  analyaia)  of  tha  frequency  of  noncraah 
landing*  par  attempt*  ahowad  no  aignlficant  difference*  due  to  diapiay  con¬ 
figuration  or  LZ  aiaa.  Any  frequency  difference*  wara  deemed  due  to  chanca 
and  not  experimental  condition*. 

6.3.4  Diacret*  Activitiea  (HMD/PMD:  Approach  and  Landing) 

6. 3.4.1  Percent  Time  Narrow  FOV  Commanded 

Th*  pilot  at  tha  control*  of  th*  aircraft  in  thia  avaluation  performed 
tha  majority  of  FOV  aalection*.  Thaaa  aalactiona  war*  mad*  moitly  in  the 
approach  and  touchdown  phaaea.  In  thaa*  phaaaa,  HMD-PMD  had  the  Urgent 
percentage  of  time  in  narrow  FOV  (25  percent)  followed  by  HMD-HMD  (2.1  per¬ 
cent)  end  PMD-PMD  (0.8  percent). 

6. 3.4.2  Senaor  Actuation*  per  Run 

The  mean  nurabtr  of  aenaor  actuation*  per  run  could  only  be  calculated 
for  the  PMD-PMD  rune  uaing  th*  manual  aenaor  alaw  control*.  Senaor  uaage 
data  wera  not  recorded  while  th*  aenaor  waa  controlled  through  thu  pilot1* 
heed  movement*.  The  frequency  difference*  between  pilot,  copilot,  and  LZ 
difficulty  wera  not  aignlficant.  Th*  ovarall  number  of  aanaor  actuation* 
per  run  waa  4.8  at  a  mean  checkpoint  distance  of  0.35  nml. 
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TABLE  6-XVII 


HMD-PMD  Evaluations  Approach  Performance.  Trends 


DISPLAY 

CONFIGURATION 

APPROACH  VARIABLES  | 

PERCENT 
UNDER 
100  FEET 

AVERAGE 

GROUND8PEED 

AVERAGE 

ALTITUDE 

PMD-PMD 

36.01 

60.63 

131.76 

HMD-PMD 

44.27 

68.70 

107.10 

HMD-HMD 

38.61 

60.78 

113.24 

TABLE  6-XVXI I 


HMD-PMD  Relative  Rankings  of  Approach  Trends 


DISPLAY 

CONFIGURATION 

APPROACH  VARIABLES 

OVERALL 

RANK 

PERCENT 

UNDER 

100  FEET 

AVERAGE 

GROUNDSPEED 

AVERAGE 

ALTITUDE 

PMD-PMD 

3 

2 

3 

3* 

HMD-PMD 

1 

3 

1 

1.6 

HMD-HMD 

2 

1 

2 

1.6 

*3 -WORST  RANKING 
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6.21.4.3  Sensor  As imuth  and  Elavation 

Tha  erawe  in  the  HMD-PMD  evaluation  tended  to  apand  more  time  with  the 
tensor  slewed  off  eantar  than  in  tha  previous  evaluations.  This  would 
result:  front  the  ear.'  with  which  tha  pilot  could  slew  the  aansor  while  using 
the  HMD.  After  sensor  operation  using  tha  HMD,  the  pilot  became  accustomed 
to  viewing  the  terrain  and  thus  slewed  the  sanaor  more  often  manually  whan 
using  the  PMD.  Figure  6-23  shows  that  the  crews  remained  yithin  50  degrees 
of  the  center  all  of  the  time  and  remeinad  cantered  55  percent  of  the  time 
in  elevation.  Figure  6-24  shows  that  they  remained  within  40  degrees  of  , 
center  all  of  the  time,  and  remained  centered  90  percent  of  the  time  in 
aairauth. 

6.4  Inroute  HMD-PMD-CDU  Evaluation 

Crew  performanue  measures  were  obtainad  on  Iongar  routaa  at  the  1200: 1 
scale  emphasising  low  laval  navigation  with  tha  thraa  combinations  of  dis¬ 
play  units  as  wall  aa  CDU  tiparatlon,  Due  to  facilitiea  difflcultias  during 
two  pilot  groups,  data  were  collactad  on  only  four  pilots  at  the  1200:1 
deals.  Ona  of  thaaa  pilots  had  to  be  aliminatad  for  poor  parformance 
(i.e.,  anroute  radar  altitudai  of  ovap  1300  feat).  Thus,  statistical 
analysis  is  aliminatad  baeausd  of  tha  aemple  aise.  Trends  and  indications 
dlsouesad  below  nuist  be  qualified  by  the  sample  alee. 

6.4.1  Gnroute  Performance  (HMD-PKD' ’CDU;  Snrouca) 

No  touchdown  data  wars  collected  during  this  phaaa  aince  anrouta  par- 
fomanca  was  the  flight  section  under  etudy.  Table  6-XIX  indicates  lower 
altitudes  for  a  highar  parcantaga  of  time  with  the  HMD-HMD  diapley  configu¬ 
ration.  Table  6-XX  shows  a  tendency  for  higher  speeds  with  tha  HMD-PMD 
followed  by  the  dual  PMDs.  The  easier  (fl&t.)  routes  raaultad  in  lower 
altitudas  and  higher  speed*  than  the  difficult  (mountainous)  routaa. 

Routae  involving  a  couraa  changa  had  highar  altitudaa  and  higher  speeds 
than  routas  with  no  changaa.  Tha  pilot  did  not  hava  tha  varbal  aid  of  tha 
copilot  bhils  he  was  inverting  a  routs  changa  in  tha  CDU.  Thus,  thsre  was 
a  tendency  to  fly  higher  over  unfamiliar  tarraln.  Howavar,  this  also 
allowsd  highar  groundspasda  on  thaaa  Iongar  routas. 

6.4.2  Crash  Rates  (HMD-PMD-CDU:  Enroutt) 

Chi-square  analysis  of  the  total  atttmpts  which  raaultad  in  succassful 
runa  shovad  the  di.ffarene*  to  ba  highly  significant  (p  ■  0.0000),  i.a.,  tha 
numbar  of  auccaasful  ruua  is  dua  to  display  configuration  combined  with 
route  difficulty.  Inaraination  of  the  independent  variable  (route  dif¬ 
ficulty)  alone  also  rasulted  in  significant  dlffcrances  in  succasa  fra- 
quenciaa.  For  tha  hard  routaa  (mountainous  tarrain),  HMD-HMD  had  tha  larg- 
ast  parcantaga  of  successful  runa  (50  percant),  and  PMD-PMD  tha  smallest 
(25  parcant).  For  aaay  routaa  (flat  tarrain),  PMD-PMD  had  the  largest  per¬ 
centage  of  successful  runs  (10U  parcant),  and  HMD-PMD  the  smallest  (43 
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Figure  6-24.  PMD  Sensor  Azimuth 
Gimbal  Angle  Distributions 


percent).  Examination  of  diaplay  configuration  alone  resulted  in  nc  signi¬ 
ficant  differences.  When  pilot  workload  ia  increased  (i.e.,  mountainous 
terrain),  tha  HMD  for  the  pilot  has  a  higher  succaas  rate. 

6. A. 3  Discrete  Activities  (HMD-PMD-CDU:  Enroute) 

6. A. 3.1  Percent  Time  Narrow  FOV  Commanded 

The  crews  made  very  few  FOV  salactions  in  this  evaluation.  Selections 
wars  evenly  divided  between  pilot  and  copilot,  clustered  in  the  PMD-PMD 
configuration  and  in  the  no  route  change  conditions.  The  largest  percent¬ 
age  of  time  in  narrow  FOV  was  less  than  1.0  percent  in  the  PMD-PMD 
combination.  The  enroute  evaluation  crewa  apparently  found  little  or  no 
noed  for  the  narrow  FOV  regardless  of  the  display  configuration. 

6. A. 3.2  Sensor  Actuations  psr  Run 

The  mean  number  of  sensor  actuations  psr  run  was  calculated  for  the 
PMD-PMD  configuration.  Tha  pilots  slewed  the  sensor  (21.3  par  run)  signi¬ 
ficantly  more  than  the  copilots  (2.3A  per  run)  and  tended  to  slew  more 
often  in  the  flights  with  a  route  change.  This  group  of  pilots  performed 
their  1200:1  runs  firut,  and  learned  to  operate  the  PMD  and  HMD  diaplay 
combinations  simultaneously.  Therefore,  the  crews  became  accustomed  to 
having  the  pilot  in  control  of  the  sensor.  The  mean  sensor  slewing 
distance  to  the  next  checkpoint  was  2.1A  nmi  and  did  not  vary  by  experi¬ 
mental  conditon,  again  indicating  that  sensor  slowing  oaours  primarily  for 
terrain  avoidance  as  opposed  to  checkpoint  identification.  It  should  be 
noted  that  this  group  of  subject  pilots  slewed  the  sensor  overall  more  than 
pilots  from  previous  phases  in  comparable  routes.  The  HNVB  Final  Report 
(Reference  5)  Indicates  an  overall  slew  rate  of  12  times  par  run,  this 
evaluation  showa  19  times  per  run  for  the  pilots. 

6. A. 3. 3  Sensor  Aaimuth  and  Elevation 

The  crewa  tanded  to  slew  the  sensor  less  frequently  enroute  than  in 
approach  and  landing.  In  asinuth  they  remained  cantered  more  in  the  dif¬ 
ficult  routes  than  the  easy  routes.  In  difficult  routes,  they  remained 
centered  9A  percent  of  tha  time  with  no  route  change  and  84  percent  of  the 
time  with  a  change.  In  easy  routes  they  remained  cantered  with  a  route 
change  76  percent  of  the  time  and  72  percent  with  no  route  change.  Tha 
pattern  in  elevation  ia  tha  same  for  difficult  routes  but  they  remained 
cantered  97  percent  in  easy  routes  with  a  change  and  88  percent  without. 

6. A. 3. A  CDU  Operation 

All  enroute  data  runt  required  the  copilot  to  manually  capture  tha 
tf.  This  required  a  specific  throe  key  operation  of  the  flight  plan  master 
function  key  (MFK)  and  line  keyas  9  and  6.  Most  runs  had  an  addendum  to 
this  sequence  of  several  scale  changes  (line  keys  11  and  12).  Discrete 
data  were  examined  to  determine  actual  sequences.  There  ware  2  errors  out 


of  17  operations  in  the  performance  of  this  sequence,  both  involving  paral¬ 
lax  problem*  vith  line  key  9.  On*  copilot  used  key  8  instead  of  9  and  one 
u*ed  10. 

The  experimental  variable  of  route  change  also  Involved  a  specific 
sequence  of  event*  to  properly  execute  the  new  route  and  capture  check¬ 
point*  in  the  old.  The  display  configuration  of  PMD-PMD  had  the  fewest  CDU 

errors  (6),  followed  by  HMD- HMD  (7)  and  KMD-PMD  (11).  There  were  11  line 

key  errors  and  13  total  MTK  errors  encountered  during  route  change*. 

Tables  6-XXI  and  6-XXII  display  the  type  of  errors  that  occured.  These 

tables  show  consistent  problems  of  parallax  and  misunderstanding  of  key 

functicma.  They  depressed  line  keys  several  times  in  succession  in  an 
effort  to  obtain  a  response  or  to  correct  an  error.  The  copilot*  did  hot 
cue  in  on  the  CDU  feedback  (for  example,  the  astarisk  which  appears  vith 
the  capture  function). 

6.5  Approach  and  Landing  Virtual  HUD  Evaluation 

The  cockpit  was  equipped  with  a  display  combination  of  the  oopilot  on 
virtual  HUD  and  the  pilot  at  the  controls  of  thn  aircraft  on  HMD.  The 
analysis  for  virtual  HUD  evaluation  was  limited  to  one  pilot  group  of  four 
pilot*.  ThU  resulted  in  24  runs  each  for  the  240:1  and  1200:1  scales. 

The  statistical  analysis  was  effected  by  small  sample  sixes.  The  signi¬ 
ficant  effects  found  must  be  qualified  with  the  small  sample  siia  and  its 
affects  on  the  statistical  sensitivity. 

6.5.1  Touchdown  Data  (Virtual  HUD:  Approach  and  Landing) 

The  results  in  Table  6-XXXXI  indicate  the  only  significant  differences 
to  be  in  the  X  drift  (positive)  as  a  function  of  LZ  sis*  and  in  the  enrouta 
variables  of  percent  of  time  under  100  feet,  and  the  average  radar  alti¬ 
tude.  Tables  6-XXIV  through  6-XXVX  show  how  these  differences  are  distri¬ 
buted  within  the  experimental  conditions.  Examination  of  display  configu¬ 
rations  alone  without  sona  aiae  shows  the  virtual  HUD  configuration 
resulted  in  the  highest  percentage  cf  time  under  100  feet  and  tha  lowest 
radar  altitude  followed  by  tha  common  video  and  HMD-PMD  combinations 
respectively.  The  common  HMD  video  resulted  in  the  fastest  groundspecd. 

The  HMD-PMD  combination  had  the  best  overall  ranking  on  touchdown  perform¬ 
ance  trends,  followed  closely  by  the  common  HMD  video.  During  the  approach 
phase,  both  HMD  configuration*  performed  better  than  the  HMD-PMD  configu¬ 
ration. 


6.3.2  Smoothness  of  Approach  and  Landing  (Virtual  HUD:  Approach  and 
Landing) 

The  regression  analyses  resulted  in  no  significant  differences  in  tha 
residual  mean  squares  between  the  display  combinations.  The  trends  in  the 
approach  distributions  show  the  HMD- HMD  common  video  condition  to  have  tha 
smoothest  approach  across  time  and  distance  in  rate  of  descent  and  radar 
altitude.  The  remaining  variablaa  ware  not  consistent  for  both  time  end 
d< "tanca. 
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TABLE  6-XXI 


Line  Key  Errors  during  Route  Changes 


FREQUENCY 

ERROR  SEQUENCE 

4 

DEPRESSED  LINE  KEY  8  INSTEAD  OF  9 

1 

DEPRESSED  LINE  KEY  4  INSTEAD  OF  3 

2 

DEPRESSED  LINE  KEY  10  INSTEAD  OF  9 

1 

DEPRESSED  LINE  KEY  2  INSTEAD  OF  3 

2 

SEVERAL  LINE  KEY  ENGAGES  AFTER  ONE  MFK 

1 

8EVERAL  PAGE  CHANGEB  AFTER  ONE  DIR 

TABLE  6-XXXI 

Master  Function  Key  Errors  during 
Route  Changes 


FREQUENCY 

ERROR  SEQUENCE 

3 

DEPRESSED  FTL/PLN  INSTEAD  OF  DIR 

2 

DEPRESSED  MARK  IN8TEAD  OF  FTL/PLN 

3 

DEPRESSED  8TAT  IN8TEAD  OF  DIR 

2 

DEPRESSED  PROG  IN8TEAD  OF  DIR 

2 

DEPRESSED  MARK  IN8TEAD  OF  DIR 

1 

DEPRESSED  MAP/RTN  IN8TEAD  OF  PLT/PLN 
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6.5.3  Crash  Rates 


Chi-squara  results  Indicated  a  significantly  (p  "  0.004)  larger  per¬ 
centage  of  crashes  per  attempts  for  the  HMD-PM1)  configuration,  (55  percent) 
than  the  common  HMD  video  (30  percent)  or  the  virtual  HUD  (27  percent)  con¬ 
figurations.  The  frequency  of  technical  poor  landings  was  three  for  each 
display  configuration  with  the  majority  due  to  rate  of  descent  (2  drift). 
There  were  no  technical  crashes. 

6.5.4  Discrete  Activities  (Virtual  HUDt  Approach  and  Landing) 

6.5.4. 1  Percent  Time  Narrow  FOV  Commanded 

The  crews  used  the  FOV  command  in  only  one  condition  (HMD-PMD,  large 
landing  eone).  This  resulted  In  a  rate  of  less  than  1  percent  in  the  nar¬ 
row  FOV  for  pilot  and  copilot. 

6.6  Enroute  Virtual  HUD  Evaluation. 

The  statistical  analysis  for  this  phase  was  again  based  on  24  runs  at 
the  1200il  scale.  The  small  sample  alee  resulted  in  greater  statistical 
impact  during  the  enrouta  phase  due  to  the  additional  variable  under  study, 
i.e.,  fewer  data  runs  in  each  treatment  condition. 

6.6.1  Enroute  Performance  (Virtual  HUDi  Enrouta) 

The  ANOVA  results  shown  in  Table  6-XXVII  indicate  that  the  variable  of 
route  change  has  a  significant  effect  on  percentage  of  time  under  100  feet 
and  average  groundspeed.  Runs  without  route  changes  had  a  higher  percent¬ 
age  under  100  feet  with  the  virtual  HUD  configuration  (73.5  percent)  fol¬ 
lowed  by  common  HMD  video  (57.5  percent)  (Table  6-XXVIIl),  In  runs  with  a 
route  change,  the  HMD-PMD  configuration  had  the  highest  percentage  of  time 
under  100  feet  (56  parcent).  Overall,  the  HMD  configuration  with  the  vir¬ 
tual  HUD  had  the  lowest  average  radar  altitude.  However,  the  variability 
between  display  combinations  is  small,  i.e.,  only  11  feet. 

Runs  with  a  route  change  had  faster  average  groundspeeds  than  those 
without  (Table  6-XXIX),  Tills  was  predictable  since  the  altitudes  of 
changed  routes  tended  to  be  higher,  allowing  faster  average  groundspeeds. 
The  virtual  HUD  had  the  fastest  groundspeed  in  runs  with  changes  and  the 
lowest  in  runs  without.  Overall,  the  common  HMD  video  had  the  fastest 
average  groundspeed. 

6.6.2  Crash  Rates  (Virtual  HUD:  Enroute) 

The  Chi-square  results  indicate  significant  frequency  differancec  in 
che  psrcentage  of  crashes  per  total  attempts.  In  all  display  configura¬ 
tions,  the  hard  routes  contained  the  highest  (p  <  0.05)  percentage  of 
crashes  (HMD-PMD  75  percent,  common  HMD  video  50  percent,  end  virtual  HUD 
60  percent).  The  route  change  conditions  contained  the  highest  percentage 
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TABLE  6-XXVII 


Pilot  Performance  in  Virtual  HUD  Evaluation:  Enroute* 


'  INOIHNDINT  VARIAILII  | 

DIMNOINT  VARlAlLII 

OVIRALL  MIAN 

ITANDARD 

DEVIATION 

DI3RLAY 

CONRIOURATION 

ROUTI 

DIRRICULTY 

ROUTI 

CHANQI 

INTIRAOTION 

RIRCINT  UNOIR  100  HIT 

TO, 34% 

14.41 

Nl** 

Nl 

p  •  0,01 

Nl 

AVM1AOI  QAOUNOirilD 

11,10  KN 

11,01 

M 

Nl 

p  •  0,01 

Nl 

AVIRAQI ALTITUOI 

104,90  IT 

1M9 

Nl 

Nl 

Nl 

Nl 

■liaNiriCANCI  LIVIL  LIMITID  TO  e  £0,10 
••OIRRIRINCII  NOT  IIQNIRICANT 

_ __1 

TABLE  6-XXVII1 

Virtual  HUD  Evaluation:  Average  Altitude 
Enroute 


DIRRICULT  ROUTI 

IAIV  ROUTI 

DISPLAY 

COMBINATION 

NO 

ROUTI OHANOl 

ROUTI CHANQI 

NO 

ROUTI OHANOl 

ROUTI CHANQI 

OVIRALL 

MIAN 

HMDRMD 

110.11 14HU* 

101.01  INK! 

H.04IIIW 

131.10  (37  .INI 

111.41 

HMO'HMD 
(COMMON  VIOIOI 

u.M(m) 

111.11 (41%) 

111.41  (17,1%) 

101.03  114%) 

107.01 

HMDHMO 
(VIRTUAL  HUD) 

■4.01  (7J.IH) 

113,00  (47%) 

13.11  (73, DU 

llt.M  (37.110 

100.71 

•RIRCINT  OC  TIMI  UNDIR  100  OUT 


TABLE  6-XX1X 


Virtual  HUD  Evaluation:  Average  Groundspee.d  Enroute 


DIFFICULT  ROUTI 

IAIV  ROUTI 

DIIRLAV 

COMIINATION 

NO 

ROUTI CHANQI 

ROUTI CHANQI 

NO 

ROUTI CHANQI 

ROUTI CHANQI 

OVIRALL 

MIAN 

HMD-RMO 

M.1I 

17, 01 

H.M 

H.M 

17.71 

HMO'HMD 
(COMMON  VIOIOI 

71, M 

•4.97 

73.01 

M.71 

73,13 

HMO'HMD 
(VIRTUAL  HUOI 

11.41 

10,14 

13.14 

TOM 

99.61 

... 

of  crashes  per  attempts  within  difficulty  levels  with  the  exception  of  the 
HMD-PMD  herd  route.  The  virtue!  HUD  conf iguration  hed  e  higher  percentage 
of  good  runs  per  attempts  (40  percent)  then  the  common  video  (46  percent) 
or  HMD-PMD  (46  percent)  conditions. 

6.6.3  Discrete  Activities  (Virtuel  HUD:  Enroute) 

6.6.3. 1  Percent  Time  Narrow  70V  Commended 

The  pilot*  made  ell  of  the  70V  commands  end  enabled  the  narrow  70V 
more  times  in  routes  with  changes  then  without  end  more  often  in  difficult 
routes  then  easy.  Tho  largest  percentage  of  time  was  9.2  percent  with 
common  HMD  video,  difficult  route  with  change.  No  pilot  used  the  narrow 
70V  while  the  copilot  hed  a  PMD  display.  The  mean  distance  to  the  next 
checkpoint  wee  1.73  nmi. 

6.6. 3. 2  CDU  Operation 

Discrete  actions  were  examined  to  evaluate  the  sequence  of  key  actua¬ 
tions  used  to  manually  capture  the  LZ  on  all  runs.  The  sequence  errors 
were  dispersed  between  the  display  combinations,  but  clustered  in  the  route 
change  conditions.  Tho  most  common  error  was  depressing  line  key  5  instead 
of  6  followed  by  more  than  one  line  key  depression  after  a  function  key. 

Review  of  the  CDU  route  change  key  sequence  requirements  revealed  the 
majority  of  errors  (seven)  to  be  in  the  HMD-PMD  configuration  on  a  diffi¬ 
cult  route  followed  by  HMD  virtual  HUD  on  an  easy  route  (thus)  end  HMD- 
PMD,  eeay  route  (two}..  The  common  HMD. video  gnd  virtue!  HUD  difficult 
routee  hed  no  error*.  Tebles  6-XXX  end  XXXIindicwtS  the  sequence  end  type 
of  error*  encountered  during  route  change*. ,  These  tebles  ravval  parallax 
problems  snd  Isay  function  misunderstanding. 

6.7  Summary 

The  aits  of  cho  landing  aonaa  effected  pilot  performance  tore  consis¬ 
tently  and  predictably  then  any  other  factor.  The  smeller  rones  required 
mors  precis*  maneuvering  that  reaulted  in  longer  land  times,  higher  radar 
altitudes  during  approach,  smaller  radial  error,  etc.  To  land  in  thsoe 
rones,  the  pilot  must  have  the  helicopter  under  control,  requiring  precise 
information  processing. 

The  symbology  phase  result*  indicated  the  hover  symbology  eat  to  be 
the  most  consistent  in  its  results.  The  flight  symbology  wes  needed  up  to 
approximately  0.3  nmi  from  the  touchdown  point,  the  transition  symbology 
until  0.05  to  C.03  nmi  from  touchdown,  end  the  hover  symbology  0.03  nmi  to 
touchdown.  The  transition  symbology  gave  the  pilots  the  extra  information 
needed  ror  precis*  landings. 

Tne  narrow  70V  results  in  inconsistent  pilot  performance  when 
suproeching  the  landing  xo.tes  «■  compared  to  the  wide  and  dual  70V.  Pilots 
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TABLE  6 -XXX  ' 

Master  Function  Key  Errors  during  Route  Changes 


FREQUENCY 

error  sequence 

1 

3 

DEPRESSED  DIR  IN8TEAD  OF  FLT/PLN 

DEPRESSED  FLT/PLN  IN8TEAD  OF  DIR 

TABLE  6-XXXI 

Line  Key  Errors  during  Route  Changes 


FREQUENCY 

ERROR  SEQUENCE 

3 

SEVERAL  LINE  KEY  ENGAGES  AFTER  ONE 
FUNCTION  KEY 

1 

DEPRESSED  LINE  KEY  11  BEFORE  DIR 

1 

DEPRESSED  LINE  KEY  4  INSTEAD  OF  5 

1 

DEPRESSED  LINE  KEY  4  INSTEAD  OF  9 

2 

GENERAL  CONFU8ION  OF  KEY  FUNCTIONS 

were  unable  Co  smoothly  approach  the  gone  when  forced  to  use  the  narrow 
FOV.  The  dual  FOV  capability  resulted  in  a  minimal  amount  of  time  in  nar¬ 
row  FOV.  The  apparent  low  usage  rata  could  indicate  that  for  this  specific 
low  level  navigation  mission,  pilots  did  not  find  tha  information  provided 
by  the  narrow  FOV  helpful  in  performing  the  specific  tasks  required  of  the 
pilots  as  evidenced  in  performance  differences.  The  narrow  FOV  required  a 
higher  aeneor  usaga  rate  to  compensate  for  tha  lack  of  infonpatiqn. 

The  pilot*  in  the  HMD-PMD  evaluation  generally  performed  better  using 
the  HMD.  The  ease  of  slewing  the  sensor  allowed  the  pilot*  to  examine  ter¬ 
rain  features  and  maintain  low  altitude  with  comparative  ease.  The  pilots' 
landing  approach  and  touchdown  was  smoother  when  using  the  HMD.  During  the 
enroute  portion,  the  crew  performance  in  flatter  tkrrain  was  slightly 
better  while  the  pilot  uaed  the  PMDj  but  performance  in  mountainous  terrain 
was  batter  with  the  pilot  on  the  HMD. 

During  low  level  landing  aOna  approach,  tha  copilot  display  has  an 
inconsistent  effect  on  performance  measures.  His  workload  during  this 
phaaa  is  critical  to  navigation,  terrain  avoidance,  end  general  pilot 
assistance.  During  the  enroute  phase  he  can  perform  well  with  the  HMD  end 
the  PMD.  It  appears  to  be  the  pilot's  display  that  haa  tha  graatar  impact 
on  performance  measures. 

Tha  virtual  HUD  evaluation  variad  the  copilot  display  combination* 
from  PMD,  HMD,  and  HMD  virtual  HUD  while  tha  pilot  remained  on  the  HMD. 
During  critical  approach  to  lending,  the  copilot  tends  to  perform  better 
with  the  HMD.  During  touchdown  the  copilot  perform!  batter  with  the  PMD. 
During  the  enroute  phase,  crew  performance  wa*  beat  with  the  HMD  for  the 
copilot  with  or  without  the  virtual  HUD.  Tha  difference*  between  the  three 
diapiay  combination*  are  slight  and  indicate  that  the  teak  pressure*  felt 
by  the  copilot  may  be  tha  critical  factor. 

During  landings,  the  senior  remained  centered  90  porcant  of  the  time 
in  eaimuth  and  53  percent  of  the  time  in  elevation.  Maximum  sensor  gimbal 
angle  used  during  the  evaluation  wee  60  degrees  in  aslmuth  and  60  dagraaa 
down  in  elevation.  The  sensor  was  never  slewed  up  in  elevation. 

The  copilots'  operation  of  the  CDU  indicated  that  it  is  a  workable 
part  of  the  system,  without  overburdening  the  copilot.  The  error*  indicate 
a  necessity  for  correction  of  the  display  alignment  and  CDU  feedback  whan  a 
function  key  is  initialised. 

6.8  Bubject  Pilots 

Tables  6-XXXXX  and  6-XXXIII  contain  the  overall  performance  altitudes 
for  the  pilot*  participating  in  the  reaearch.  They  have  been  ranked  from 
the  lowest  altitude  (best  parformanee)  to  tha  highest  (worst  performance). 
Their  performance  was  correlated  with  their  actual  flight  hours.  There  is 
no  correlation  between  simulation  performance  and  flight  Hours. 


I 

3 


74 


TABLE  6-XXXII 


Relative  Rank Lnga  of  Crews  Rased  on 
Average  Altitude  (240sl) 


TABLE  6-XXXIII 


Re la Give  Rankings  of  Crews  Based  on 
Average  Altitude  (1200 tl) 


ALTITUDE 

RANK 

AVERAGE 

ALTITUDE 

FLIGHT 

HOUR8 

1 

<V)* 

91.61 

440 

2 

(V) 

63.64 

461 

3 

(V) 

118.28 

686 

4 

(V) 

122.82 

460 

B 

<H)« 

142.86 

487.7 

6 

(H) 

16748 

310 

7 

170.63 

320 

8 

(H) 

234.78 

488 

•v  ■ 

VIRTUAL  HUD 

H  -  HMD/PMD/CDU 


All  of  the  pilots  had  to  learn  the  new  system  and  develop  new  orew 
interactions  and  scan  patterns.  Their  attitudes  and  learning  abilities  had 
mors  performance  effects  than  anything  also. 


7.0  PILOT  OPINION  RESULTS 

7.1  General 

All  rasaarch  participant*  responded  to  extensive  quaationnairaa  deal¬ 
ing  with  tha  simulation  facilities,  concept*  undar  study,  and  recommended 
change*  to  the  HNV3  configuration. 

7.1.1  Simulator  Orientation 

The  majority  of  pilots  (82  to  91  percent)  felt  tha  briefing  upon  arri¬ 
val  wai  adequate,  aa  were  tha  cockpit  checkout  and  miaaion  briefing  mate¬ 
rials.  Ten  hour*  of  cockpit  training  wara  recommended. 

7.1.2  Simulator  Realism 

Tha  cockpit,  aero  modal,  force  feel,  and  motion  baea  received  gene¬ 
rally  average  ratings  on  their  individual  components.  The  terrain  model 
had  high  ratinga  on  its  realism  and  cultural  featuras.  The  overall  simula¬ 
tion  rating  was  4.2  with  5  being  tha  highest  rating  possible.  General 
simulation  comments  made  by  four  or  more  of  the  33  pilots  were  as  follows: 

J.  Needs  better  ventilation  (gets  hot) 

,2  Didn't  notice  any  wind  effects 

.3  The  only  time  the  motion  base  seemed  to  simulate  actual  flight  was 
during  turbulence;  it  could  use  engine  noise  and  vibration 

4,  Overall,  the  simulator  and  terrain  model  were  excellent  except  for 
the  few  minor  environmental  problems  listed  previously. 

7.1.3  Symbols 

The  digital  heading  display  was  helpful  to  78  percent  of  the  pilots, 
and  22  percent  has  a  neutral  reaction  to  it.  General  symbology  connects 
indicated  by  four  or  more  pilots  ware  as  follows: 

Legibility  was  good 

2_  Sise  was  good 

2  Contrast  was  adequate  to  good 
4  Movement  was  good 
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J5  Sensitivity  Co  flight  control  was  good 
_6  Digital  readout  change  rate  was  good. 

Pilot  commence  specific  to  the  symbology  formats  were  as  follows: 

J.  Plight: 

£  Analog  Scale-Increase  thickness,  limit  to  200  feet  AGL,  move 
~  to  the  left  of  screen,  box  altitude  like  the  digital  heading 

b  Need  turn  and  slip  indicator  in  bottom  center  of  screen  (most 
f"  pilots) 

l 

i jc  Need  angle  of  bank  indicator 

/  £  Corridor  line  vot  necessary 

£  Optional  altitude  bar  distracting  and  not  used 

jf  Torque  Indicator-Analog  not  necessary,  digital  readout  gives 
~  enough  feedbaok 

£  Increase  groundepeed  aise 

£  Put  100  foot  hash  marks  on  rate  of  climb. 

2,  Hover: 

a.  Add  turn  and  slip  indicator 

£  Add  hash  narks  in  center  of  screen  to  indicate  airspeed  rela¬ 
tive  to  length  of  hovsr  velocity  vector. 

7.1.4  Controls 

Sixty-six  percent  of  the  pilots  would  not  like  to  move  any  of  the  con¬ 
trol  panels.  Sixty-two  percent  would  not  move  any  control  locations. 
Regarding  control  operations,  64  percent  would  not  make  any  changes  in 
functions,  SO  percent  would  not  change  control  movements,  and  67  percent 
would  not  change  the  sensitivity.  Control  labels  would  not  be  changed  by 
97  percent,  and  the.  present  design  wes  acceptable  to  86  percent.  The  com¬ 
ments  made  by  four  or  more  pilots  regarding  controls  are  as  followa: 

_1_  Recommend  changing  the  location  of  the  70V  select  and  Hover  Posi- 
“  tion  select:  POV  to  the  collective,  Hover  Position  to  the  POV 

aelect  position,  or  just  exchange  location  of  POV  and  position  box 

£  Change  sensing  of  sensor  control  switch;  forward  should  slew  sensor 
“  down,  back  should  slew  sensor  up 

2  Collective  is  slow  to  respond. 
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7.1.5  General  Critique 


General  comments  made  by  four  or  more  pilots  were: 

_1_  Familiarisation  with  the  terrain  makes  navigation  easiar  (10 
~  pilots) 

jl,  Familiarisation  with  the  terrain  equals  real  world  briefing  aitua- 
~  tions  (six  pilots) 

2  Aural  warning  signal  to  indicate  low  altitude  would  make  mission 
“  aaaiar  and  safer 

2  Need  extensive  training 

£  External  visual  cues  should  be  used:  in  an  actual  mission  you 
would  be  able  to  sea  outside  to  soma  degree  to  help  you  fly. 

7.1.6  Instrument  Monitoring,  Importance  and  Lighting 

All  pilots  monitored  the  PMD  continuously  and  considered  it  vary 
important.  Fifty-nine  percent  of  the  pilots  monitored  the  CDU  occasionally 
and  considered  it  important.  The  majority  of  pilots  monitored  the  remain¬ 
ing  instruments  only  occasionally  or  not  at  all  and  considered  them  only 
moderately  important. 

Sixty-aeven  percent  of  the  copilots  monitored  the  PMD  continuously  and 
the  remainder  of  copilots  only  frequently.  They  considered  it  important  to 
very  important.  All  of  the  copilots  monitored  the  CDU  frequently  to  con¬ 
tinuously  and  considered  it  to  be  very  important.  The  remaining  panel 
instruments  were  monitored  occasionally  or  never  by  a  majority  of  the 
copilots.  These  instruments  were  considered  to  be  of  only  moderata 
importance. 

The  cockpit  instruments  ware  grouped  into  lighted  groups  (Table  7-1) 
that  could  be  dimmed  or  turned  off.  Of  the  pilots  and  copilots  assessing 
only  PMD  conditions,  about  35  percent  turned  off  lighting  group  1  and  about 
30  percent  turned  off  lighting  group  2.  Moat  felt  the  electromechanical 
instruments  were  not  necessary  with  the  PMD  and  CDU.  Moat  pilots  (92  per¬ 
cent)  turned  off  lighting  group  2  while  using  the  HMD.  This  group  of 
pilots  also  dimmsd  the  CDU.  The  copilots  wearing  the  HMD  dimmed  lighting 
group  1  (67  percent)  end  group  2  (75  percent).  Overall,  copilots  tandad  to 
dim  cockpit  lights  rathar  than  turn  them  off  mora  than  pilots.  It  was  part 
of  the  copilot's  task  allocations  to  par  form  functions  in  tha  cockpit 
requiring  ooras  level  of  lighting. 

Comments  made  by  four  cr  more  pilots  regarding  instrumentation  wars: 

2  Only  required  PMD  Information  and  an  little  lighting  as  possible 
2  PMD  rtd  filter:  no  effect  (half),  helpful  (half) 
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TABLE  7-1 


Cockpit  Instrunsnt  Lighting  Groups 


GROUP  1 

GROUP  2 

AIR8PEED 

TRIPLE  TACH 

TURN  AND  8LIP 

TORQUEMETER 

BARO  ALTITUDE 

RADAR  ALTITUDE 

CLOCK 

ALTITUDE 

BDHI 

V8I 

CDU 

_3  Dimmed  lights  to  reduce  distraction  but  still  able  to  use  ac  backup 

£  All  lights  had  to  be  off  or  very  low  when  using  the  HMD 

j5  mo  should  have  emergency  inputs  when  needed  so  no  instruments  ary 

’’’  needed 

£  Exchange  locations  of  the  bearing  distance  heading  indicator  and 
”  the  Radar  ALT  for  both  pilot  and  copilot 

2.  Put  HNVS  control  on  instrument  panel  below  PMD 

|>  Delete  CORR  and  ALT  ON 

2  Had  to  scan  the  turn  and  bank  indicator  to  supplement  the  PMD 

10  Put  barrier  on  copilot's  PMD  so  light  does  not  distract  pilot  on 

HMD 

11  Hava  emergency  information  and  engine  information  available  on  PMD 
or  CDU  so  no  additional  instruments  are  needed. 

7.1.7  Task  Allocations  and  Crew  Techniques 

The  recommended  task  allocations  (Table  7— II )  were  acceptable  to  the 
majority  of  pilots  participating.  Additions  and  changes  indicated  were  as 
follows! 

2  Copilot  monitor  airspeed  and  aircraft  trends 

2  Copilot  monitor  vertical  speed  Indicator  and  altitude  during  hover 
“  and  landing 

2  Copilot  has  to  navigate. 

Opinions  on  sharing  sensor  field  of  view  and  slewing  varied  with  each 
pilot  group.  Several  crews  allowed  only  the  pilot  to  slew  the  sensor,  the 
copilot  had  to  request  the  pilot  to  slaw  when  necessary.  Other  crews 
allowed  the  copilot  to  slew  the  sensor  only  if  he  warned  the  pilot  but 
never  during  a  hover.  A  few  crews  allowed  the  copilot  total  sensor  control 
and  the  pilot  would  request  slewing.  Individual  flight  crews  quickly 
developed  their  own  techniques.  Most  craws  had  the  pilot  control  field  of 
view;  however,  this  function  was  rarely  uoad. 

The  participants  felt  the  pilot's  primary  duty  was  to  fly  the  air- 
craft.  Extensive  information  was  transferred  verbally  from  the  copilot  to 
the  pilot.  The  result  was  a  constant  dialogue  between  them  regarding  all 
flight  information. 


TABLE  7-II 


Reconmonded  Task  Allocations 


COPILOT 

PILOT 

RBCOMMENO  HEADINGS 

SELECT  IDEAL  PATH 

POINT  OUT  CHECKPOINTS 

CONTROL 

ALTITUDE 

DESCRIBE  ANTICIPATED 

AIRSPEED 

TERRAIN  RELIEF 

TERRAIN  FEATURES 

TERRAIN  ALTITUDE 

POWER 

WARN  OF  LOW  ALTITUDE 

WARN  PILOT  BEFORE  SLEWING 

PRIMARY  SENSOR 
CONTROL 

7.1.8  Overall  Miasion  Ratings 

All  participants  in  the  240:1  scale  evaluations  rated  the  mission  ease 
and  safety  in  three  terrain  types.  The  results  were  predictable:  missions 
were  significantly  (p  <  0.05)  safer  and  easier  in  flat  terrian  followed  by 
rolling  hills  and  mountainous  terrain  (Figures  7-1  and  7-2). 

7.2  Approach  and  Landing  Symbology  Evaluation 

According  to  82  percent  of  the  pilots,  sufficient  time  was  spent 
training  for  approach  and  landing  with  the  four  symbology  seta.  Several 
pilots  requested  more  initial  training  on  hovering  and  landing. 

Pilots  were  asked  to  rate  the  ease  and  safety  of  approaohee,  landings, 
and  takeoffs  with  each  of  the  four  symbology  sets.  These  ratings  are  shown 
in  Figures  7-3  through  7-8.  The  ease  and  safety  of  the  flight  symbology  in 
the  approach  phase  was  predictable  since  it  imparts  necessary  anroute 
information.  The  transition  symbology  also  gives  desired  enroute  feedback. 
The  ratings  ware  tested  for  significant  differences  by  using  a  T-test  for 
significant  differences  between  the  means.  Significant  differences 
(p  <  0.05)  were  found  between  the  hover  and  night  and  between  the  hover 
meter  and  flight  symbology  for  safety  and  ease  of  landing  in  small  and  very 
small  sonea.  Examination  of  symbology  ratings  alone  indicated  the  hover  to 
be  the  easiest  and  safest  at  landing  followed  by  the  hover  meter,  the  win¬ 
dow  box,  and  flight  symbology  sets  <p  <  0.05).  The  significant  (p  <  0.05) 
rating  trends  at  takeoff  were  essentially  the  same,  the  exception  being  a 
slightly  higher  rating  for  the  flight  symbology  over  the  window  box. 

Comments  by  four  or  more  pilots  in  this  symbology  evaluation  phase 
were  as  follows: 

2  Sensor  slewing  during  landings  tends  to  disorient 

,2  Copilot  should  keep  track  of  alrapead 

3_  Only  pilot  performed  sensor  slewing  (five  crews) 

4.  Only  copilot  performed  sensor  slewing  (five  crews) 

J5  Field-of-regard  adequate  for  transport  mission:  good 
2  Field-o f-visw  change  left  up  to  pilot  in  command 
2  Copilot  slewing  sensor  without  warning  causes  pilot  vertigo 
2  Panel  mounted  display  location  good  (eight  crews) 

2  Display  sise  good 
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Figure  7-1.  Ease  of  Actual  Miaaiom 
All  240tl  Evaluations  Combined 


Figure  7-2.  Safety  of  Actual  Miaiioni  All 
240 1 1  Evaluations  Combined 


Figure  7-8.  Safety  of  T; 


10  Display  resolution  fusty,  needs  contrast  (six  crews) ,  good  (three 
craws) 

11  Color  and  lighting  for  display  and  instruments  fine 

12  Sensor:  elevation  sensing  backward. 

7.3  Approach  and  Landing  Field  of  View  Evaluation 

All  pilots  (N*8)  in  this  evaluation  fait  enough  time  was  spent  on 
approaches  and  landings  with  the  different  fields  of  view. 

The  pilot  ratings  of  ease  and  aafety  of  the  fields  of  view  in 
approaches,  landings,  and  takeoffs  are  shown  in  Figures  7*9  through  7-14. 
In  approaches  to  the  landing  cone,  the  narrow  field  of  view  was  considered 
significantly  more  dangerous  and  difficult  than  wide  and  dual  field  of 
view. 


In  the  landing  phase,  pilots  preferred  the  wide  end  dual  fields  of 
view  consistently  over  the  narrow.  The  pilots  in  this  evaluation  did  not 
rate  any  field  of  view  as  easy  or  safe,  ratings  were  generally  lower  than 
in  the  symbology  evaluation.  The  preference  trends  ware  the  same  in  the 
takeoff  phase.  This  phase  was  considered  slightly  easier  and  safer  than 
the  landing  or  approach  phases. 

Comments  made  by  three  or  four  pilots  in  the  field  of  view  evaluation 
phase  were  as  follows: 

_1_  Copilot  did  sensor  slewing 

2  Helmet  mounted  display  gimballed  sensor  would  simplify  task 
Field  of  view  controlled  by  pilot 

£  No  instrument  lights  turned  off 

.3  Panel  mounted  display  location  good 

6.  Display  sice  good. 

7.4  Approach  and  Landing  HMD-PMD  Evaluation 

Eighty-three  percent  of  the  participants  felt  enough  time  was  spent 
training  on  the  display  configurations.  The  majority  of  pilots  using  the 
HMD  felt  that  the  field  of  regard  was  adequate  for  the  transport  mission. 

The  pilots  rated  ease  and  safety  of  display  configurations  during 
approaches,  landings,  end  takeoffs  (Figures  7-15  through  7-20).  There  was 
little  response  variability;  however,  consistent  trends  were  apparent,  the 
HMD  for  the  pilot  is  rated  safer  and  easier  than  dual  HMDs  in  ail  phases. 
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Figure  7-13.  Eane  of  Takeoff 


Figure  7- 14,  Safety  of  Takeoff 
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For  landing  in  small  zones,  Che  HMD-PMD  is  rated  significantly  (p  <  0.10) 
safer  than  the  dual  PMDs.  The  HMD-PMD  also  is  rated  significantly  (p  < 
0.05)  safer  than  the  PMD-PMD  combination  during  takeoff  from  the  large 
zone.  There  was  very  little  rating  difference  between  HMD-PMD  and  HMD-HMD, 
However,  the  trend  indicated  a  preference  for  the  HMD-PMD  (or  safety  and 
the  HMD-HMD  for  ease.  This  reflects  the  preference  for  having  the  copilot 
relatively  free  inside  the  cockpit  in  case  of  an  emergency. 

Participants  were  asked  to  indicate  the  minimum  safe  target  altitude 
at  60  to  80  knots  and  the  maximum  safe  target  groundepeed  at  50  to  100  feet 
ACL,  which  was  attainable  on  an  actual  night  mission.  Table  7-III  contains 
the  responses  according  to  display  configuration  and  terrain  type.  Both 
HMD  combinations  had  faster  groundspeed  ratings  than  the  dual  PMDs.  The 
altitude  ratings  are  more  variable  with  the  HMD-PMD  tending  to  be  slightly 
lower. 

Comments  made  by  three  or  more  pilots  in  the  approach  and  landing 
HMD-PMD  evaluation  phase  were  as  follows: 

1  Feel  more  comfortable  as  copilot  on  PMD  than  HMD  (more  visual  cues) 

2_  Copilot  controls  PMD  sensor  slewing  on  approach  and  landings 

,3,  PMD  location  acceptable 

_4  PMD  size  acceptable 

,3  HMD  display  size  should  be  larger. 

Additional  questions  addressed  the  issue  of  possible  visual  problems 
due  to  the  cockpit  lights  and  displays.  Fifty  percent  of  pilots  flying 
with  the  HMD  experienced  visual  problems  with  individual  comments  regarding 
the  HMD  as  follows: 

J.  Tend  to  fixate  on  red  panel  lights  (instrument  panel  lights  dimmed) 

£  Vertigo  caused  by  moving  too  fast 

_3  Need  finer  brightness  control 

4  Put  HDU  on  inboard  eye  to  facilitate  looking  out  window. 

As  copilot,  42  percent  experienced  vi.inal  problems.  Individual  com¬ 
ments  regarding  the  HMD  were  as  follows: 

J,  Hard  to  navigate  with  the  HMD  while  functioning  as  copilot  (two 
copilot  comments) 

2  Need  dual  aansors. 
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TABLE  7- III 

Minimum  Safe  Altitude  at  60  to  80  Knota  and 
Maximum  Safe  Speed  at  50  to  100  Feet  AGL 


For  effectiveness  end  safety,  67  percent  preferred  the  HMD-PMD  con¬ 
figuration  and  33  percent  the  dual  PMDa. 

7.3  Enroute  HMD-PMD- CDU  Evaluation 

Seventy-five  percent  of  the  pilot*  felt  enough  time  was  spent  training 
on  the  display  combinations.  The  majority  of  the  pilots  felt  the  field  of 
regard  was  adequate  for  the  transport  mission.  Regarding  the  field  of 
view,  38  percent  felt  it  was  okay  for  terrain  following,  50  percent  indi¬ 
cated  it  waa  okay  for  navigation,  and  63  percent  said  it  was  okay  for 
checkpoint  and  landing  tone  identification.  Twenty-five  percent  indicated 
they  rarely  or  never  use  the  narrow  field  of  view.  The  wide  field  of  view 
was  acceptable  for  terrain  following  (63  percent),  navigation  (75  percent), 
checkpoint  identificetlon  (75  percent),  and  L2  identification  (75  percent). 
Twenty-five  percent  preferred  the  wide  field  of  view  in  all  aituationa. 

In  rating  the  ease  and  safety  of  the  display  configurations,  the  HMD- 
PMD  was  consistently  safer  and  easier  then  either  the  HMD- HMD  or  PMD-PMD. 
Although  the  variability  i*  small,  Figures  7-21  through  7-27  show  the 
pilots'  preference  for  HMD-PMD  followed  by  HMD-HMD.  The  pilots'  HMD  dis¬ 
play  ia  apparently  the  critical,  preferred  feature. 

Table  7-1V  shows  the  pilot  ratings  of  actual  mission  altitudes  and 
speeds.  They  prefer  the  HMD-PMD  (73  percent)  for  ease  and  safety,  and 
believe  lower  altitudes  and  highsr  speeds  are  attainable  with  the  pilot 
using  the  HMD. 

Thirty-eight  percent  had  contrast  problems  but  were  able  to  overcome 
them,  Sixty-three  percent  expressed  visual  problems  as  pilot,  such  as 
reaolution  of  the  HMD,  focusing  inadequacy  of  the  HMD,  and  limited  cockpit 
vision  with  the  HMD.  Fifty  percent  of  the  copilots  expressed  problems  of 
navigation  and  map  reading  while  using  the  HMD.  Eighty-eight  percent  con¬ 
sidered  the  HMD-HMD  combination  to  be  the  least  effective  and  safe.  They 
felt  the  HMD  for  the  copilot  was  too  restrictive  and  disorienting. 

In  evaluating  the  CDU,  62.5  percent  of  the  pilots  felt  they  received 
enough  training.  The  CDU  would  have  no  effect  on  maintaining  a  low  alti¬ 
tude  according  to  62.5  percent,  while  75  percent  responded  that  it  would 
have  no  effect  on  groundspced.  The  keyboard  configuration  resulted  in 
problems  for  62.5  percent.  All  the  pilots  (N”8)  thought  that  the  map  dis¬ 
play  was  an  affective  navigation  tool.  In  the  operation  of  the  CDU  modes, 
87.5  percent  had  no  problems.  Thirty-eight  percent  expressed  alignment 
problems  with  the  line  keys.  Design  change*  expressed  included  a  clear 
function  for  unwanted  line  keys,  more  precise  line  key  to  display  align¬ 
ment,  and  an  option  to  initialise  more  than  one  directed  point  at  a  time 
while  using  the  DIR  MFK.  Generally,  the  copilot  was  able  to  operate  the 
CDU  ulth  little  interruption  in  other  copilot  functions  except  verbal  feed¬ 
back  and  flight  updates  to  the  pilot,  Figure  7-28  Indicates  the  mission 
was  rated  significantly  (p  <  0.05)  easier  with  the  CDU.  Figure  7-29  shows 
that  using  the  CDU  to  change  course  would  not  increase  the  difficulty  of 
the  mission. 
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Figure  7-21.  Ease  of  Actual  Miaeion  at  60  to  80  Knota  and 
100  to  150  Faat  AGL 
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Flgura  7-22.  Safety  of  Actual  Mlealon  at  60  to  80  Knota  and 
100  to  150  Feet  AGL 
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Figure  7-27.  Safety  of  Terrain  Following 
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TABLE  7-iV 

Minimum  Safa  A] tltuda  at  (0  to  80  Knota  and 
Maximum  Safa  Speed  at  100  tc  ISO  Feet  AGL 
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Figura  7-28,  Ease  of  Actual  Mission  at  60  to  80 
Knots  and  100  to  150  Fast  AGL 


7.6  Approach  and  Landing  Virtual  HUD  Evaluation 


All  pilots  (N"4)  fait  they  obtained  enough  time  training  on  tha  dis¬ 
play  combinations.  Figures  7-30  through  7-3S  show  a  significant  (p  <  0.0S) 
prafarenca  for  tha  HMD-PMD  configuration  followed  by  tha  HMD  conmon  video 
all  aspects  of  tha  mission.  Table  7-V  indicataa  that  pilots  believe 
at  altitudes  and  higher  speeds  are  attainable  with  the  HKD-PMD  con¬ 
figuration. 

All  pilots  felt  the  HMD-PMD  combination  was  the  moat  effective  and 
safe  because  it  froas  the  copilot  for  other  duties  and  allows  eaay  pilot 
sensor  slewing.  No  pilot  expressed  display  contrast  problems)  although  two 
said  the  HMD  caused  eye  strain  and  vertigo. 

7.7  Enroute  Virtual  HUD  Evaluation 

Seventy-five  percent  of  the  participants  believed  enough  training  time 
was  given.  The  pilots  indicated  tha  field  of  regard  was  adequate.  The 
majority  of  pilots  felt  the  wide  field  of  view  was  adequate  for  the  tasks 
required,  Fifty  percent  felt  the  narrow  field  of  view  was  too  small  for 
the  transport  mission. 

Figures  7-36  through  7-42  show  a  consistent  preference  for  the  HMD-PMD 
configuration  across  all  aspects  of  mission  ease  and  safety.  The  HMD- HMD 
virtual  HUD  was  considered  the  moot  dangerous  and  difficult  display  con¬ 
figuration.  Table  7-VI  indicatai  that  tha  HMD-PMD  configuration  would 
result  in  lower  altitudes  and  higher  speeds  than  the  dual  HMD  configura¬ 
tions.  The  pilots  expressed  e  preference  for  the  copilot  PMD  for  the  pur¬ 
poses  of  map  reading  and  navigation.  They  felt  the  virtual  HUD  made  it 
difficult  to  maneuver  the  head  and  use  the  CDU  and  that  the  time  required 
to  regain  the  display  created  a  dangerous  situation.  All  pilots  fait  tha 
HMD-PMD  was  the  most  affective  and  safe  configuration  and  the  HMD-  HMD 
virtual  HUD  the  least  effective  and  safe. 

Additional  comments  by  one  or  more  pilots  included: 

£  The  virtual  HUD  induced  vertigo  and  did  not  allow  a  smooth  scan 

2.  No  contrast  problems  were  experienced  with  the  display  combinations 

_3  A  separate  sensor  is  needed  for  the  copilot 

£  Panel  mounted  display  location  is  perfect 

£  Tha  PMD  does  not  restrict  copilot  head  movements 

£  Relocate  HMD  and  communication  wiring  so  as  not  to  interfere  with 

“  movements 

7_  Tha  HMD  is  adequate,  sefa,  and  ideal  for  low  light  raisaions  but  PMD 
preferred. 
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Figure  7-34.  Eaaa  of  Takeoff 
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Figure  7-35.  Safety  of  Takooff 


TABLE  7-V 


Minimum  Safe  Altitude  at  60  to  80  Knots  and 
Maximum  Safe  Speed  at  50  to  100  Feet  AGL 
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Figure  7-16.  Ease  of  Terrain  Following 
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DISPLAY  CONFIGURATION 

Figure  7-37.  Ease  of  navigation 
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Figure  7-38.  Ease  of  Checkpoint  Identification 
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Figure  7-39.  Eaea  of  LZ  Identification 
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Figure  7-40.  Safety  of  Terrain  Following 
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Figure  7-41.  Eesa  of  Actual  Mission  at  60  to  BO  Knots 
and  100  to  ISO  Fast  AGL 


Figure  7-42. 


Safety  of  Actual  Mission  at  60  to  80  Knots 
and  100  to  ISO  Feet  AGL 
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TABLE  7-VI 

Minimum  Safe  Altitude  at  60  to  80  Knote  and 
Maximum  Safe  Speed  at  100  to  150  feet  AGL 


Tha  actual  oiaaion  was  rated  significantly  (p  <  0.0S)  eaaiar  with  tha 
CDU  than  without  (Figure  7-43).  Whan  uaing  tha  CDU,  route  changaa  do  not 
make  tha  oiaaion  taaka  more  difficult  (Figure  7-44). 

All  the  pilota  felt  they  obtained  enough  CDU  training.  Seventy-five 
percent  felt  the  CDU  helped  to  maintain  a  low  altitude*  and  SO  percent  felt 
it  helped  to  increeac  groundapeed.  Thaae  reipondente  felt  it  eaaed  naviga¬ 
tion  dutiea  and  incraaaed  orientation,  which  allowed  more  time  for  concen¬ 
tration  on  flight  taaka.  The  majority  of  pilota  experienced  no  keyboard 
problema  or  initialisation  problem*  with  the  different  modea.  The  line 
keya  did  not  cauae  great  difficulty  for  most  of  the  CDU  users,  once  they 
aolved  their  parallax  problema.  The  copilota  felt  the  tactical  map  diaplay 
waa  useful.  Initialisation  of  the  DIR  function  required  tha  copilot  to 
leave  hia  flight  acan,  and  the  pilot  workload  increased  momentarily. 

7.8  Side  Studiea 

Available  time  allowed  the  conduct  of  aide  studies  in  the  major 
research  schedule.  However,  these  studies  did  not  warrant  full  scale  fac¬ 
torial  designs,  nor  was  there  enough  data  to  conduct  any  objective  analy¬ 
sis.  The  following  subjective  summaries  are  baaed  on  four  pilots  for  each 
evaluation. 

7.8.1  Radar  Analog  Scale 

The  pilot  opinion  waa  mixed  on  the  effects  of  removal  of  the  radar 
analog  scale  during  hover.  Half  of  the  pilots  believed  it  cleaned  up  the 
screen  end  improved  hover  performance  and  half  believed  it  degraded  per¬ 
formance  and  required  more  acan.  Pilot  opinion  in  favor  of  the  changes 
included  improved  midecraen  scan  for  basic  maneuvering.  There  was  agree¬ 
ment  on  a  preference  for  the  radar  altimeter  readout  in  digital  1  foot 
increments  below  25  feet. 

7.8.2  Landing  without  the  Simulated  Craw  Chief 

Reaction  was  mixed  on  the  requirement  to  land  unaided  by  tha  crew 
chief.  Half  of  the  pilota  felt  that  not  having  a  crew  chief  had  a  moder¬ 
ately  to  greatly  deteriorating  effect  on  their  ability  to  hover  and  land. 
The  remaining  pilots  felt  no  effect,  relying  more  heavily  on  symbology  and 
skill  of  controlling  the  hover.  Halt  believed  that  the  sensor  provided 
enough  information  to  lend  easily  and  aafely.  These  pilots  relied  more  on 
slewing  down  than  left  or  right.  The  other  half  felt  the  sensor  landing 
created  a  dangerous  and  difficult  condition.  Scan  patterns  and  crew  inter¬ 
action  was  not  changed  by  not  having  a  crew  chief. 
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7.8.3  Symbology  Attitude  Sised  to  tha  Hid*  Field  of  View 

During  flight,  th*.  pilot*  expreeeed  eome  eonfueion  regerding  exactly 
whet  change*  had  been  made.  All  pilot*  were  favorable  on  their  comment*  on 
the  change*,  but  uncertain  aa  to  what  thoae  changat  were.  All  th*  pilot* 
felt  that  their  performance  Improved  greatly  and  that  the  viaual  feedback 
waa  muoh  more  realistic.  They  ware  able  to  fly  with  a  more  sensitive  reac¬ 
tion  to  the  terrain  and  symbology,  at  a  lower  altitude  and  faster  epeed. 

The  actual  flight  difference*  were  lea*  than  the  subjective  differences. 

The  average  altitude  waa  67  feet  for  aiaed  symbology  and  66  for  the 
unchanged.  The  average  groundapeed  wa*  76  knot*  for  th*  aiaed  symbology 
and  69  knot*  for  th*  unchanged. 

7.8.4  Partial  Ground  Stabilised  Senior  versus  Aircraft  Stabilised  Sensor 

Seventy-five  porcent  of  Che  pilots  preferred  the  ground  stabilised 
aansor  for  tha  final  landing  phase  to  provide  a  conatant  view  of  the  son*. 
The  pilots  Indicated  a  slight  preference  for  th*  pilot  using  an  HMD,  fol¬ 
lowed  by  ground  stabilised  PMD  sensor,  and  aircraft  stabilised,  respec¬ 
tively.  Thl*  group  of  pilots  learned  to  fly  with  the  HMD  and  were  thus 
more  familiar  with  this  system.  They  were  not  accustomed  to  th*  manual 
slew  and  equated  the  ground  stabilised  mod*  to  the  HMD  (i.*.,  the  pilot 
keeps  hia  head  fixed  on  the  landing  aone). 

7.9  Modified  Cooper-Harper  Ratings 

Th*  modified  Cooper-Harper  (C-H)  rating  scale  was  designed  to  assign  a 
numerical  value  to  the  pilot'a  judgement  of  overall  field  of  view  and  KNV8 
acceptability.  Figure  7-45  represents  the  scaling  codes. 

Table  7-VII  indicate*  tha  mean  field  of  view  ratings.  The  narrow 
field  of  viev  i*  significantly  (p  <  0.05)  1***  acceptable  then  tha  wide  or 
dual. 


Table  7-Vli.I  contain*  che  mean  display  acceptability  ratings  with  and 
without  the  CDU,  The  HMD-PMD  configurations  with  the  CDU  is  th*  most 
acceptable  configuration  for  enroute  mission  compatibility.  Tha  pilots 
felt  the  helicopter  with  this  configuration  could  be  flown  below  100  feet 
at  greater  than  60  knots  with  a  moderate  workload. 

Table  7-IX  indicates  pilot  racings  of  the  virtual  HUD  evaluation  con¬ 
figurations.  Again  the  HMD-PMD  with  a  CDU  received  the  best  rating,  Both 
HMD  pilot  groups  (Table*  7-V1I1  and  7-IX)  considered  the  HMD-PMD  configura¬ 
tion  to  be  the  moat  aeceptsbla  configuration  with  and  without  the  CDU.  In 
Table  7-X,  th*  pilots  indicated  *  higher  acceptability  rating  for  approach 
and  landing  with  the  HMD-PMD. 

7,10  Summary 

Pilot  opinion*  were  generally  favorable  toward  simulation  facilities. 
The  participants  quickly  learned  th*  requirements  and  th*  operation  of  th* 
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simulator.  Pilots  with  more  CH-53  experience  had  a  more  difficult  time 
learing  to  fly  the  simulator  than  those  with  leas  CH-53  experience. 

Most  pilots  found  all  the  necessary  flight  information  on  the  PMD  and 
used  the  instrument  panel  as  occasional  backup.  The  turn  and  slip  indi¬ 
cator  was  frequently  the  instrument  the  pilots  desired  on  the  PMD.  They 
had  difficulty  learning  the  use  of  the  velocity  vector  because  they  were 
using  it  at  first  only  as  a  turn  and  slip  indicator. 

All  pilot  groups  believed  the  training  packages  and  procedures  were 
advantageous.  Several  groups  requested  learning  to  hover  and  land  prior 
to  learning  the  flight  symbology.  The  pilots  felt  it  would  be  beneficial 
to  learn  to  control  the  simulator  in  a  hover  prior  to  learning  the  flight 
requirements. 

The  symbology  evaluation  was  generally  favorable  to  the  flight  sym¬ 
bology  set  during  approach  and  takeoff.  For  landings,  trends  indicate  a 
preference  for  the  hover  symbology  sat  followed  by  the  hover  meter. 

The  wide  and  dual  fields  of  view  ware  preferred  over  the  narrow.  Wide 
and  dual  resulted  in  little  subjective  variability. 

The  HMD-PMD  evaluation  resulted  in  a  definite  preference  for  thd  pilot 
to  have  a  helmet  display.  The  copilot  preferred  an  HMD  for  mission  ease 
and  a  PMD  for  mission  safety.  The  enroute  evaluation  indicates  a  con¬ 
sistent  preference  for  the  HMD-PMD  configuration. 

Tha  copilot  felt  that  tbs  virtual  HUD  configuration  was  more  difficult 
and  dangerous  than  the  common  HMD  video  or  HMD-PMD  configurations.  Again, 
tha  HMD-PMD  was  the  preferred  display  configuration. 

The  CDU  was  found  to  be  an  extremely  useful  navigation  tool,  It 
enables  the  copilot  to  accurately  assess  present  position,  desired  posi¬ 
tion,  and  overall  mission.  Tha  HMD  increased  the  copilots  task  loading, 
but  operation  of  the  CDU  was  still  possible. 

The  related  studios  indicated  that  the  symbology  attitude  should  be 
sited  to  the  wide  field  of  view  with  the  pitch  ladders  set  at  5  and  10 
degrees.  The  pilots  still  desire  some  changes  in  the  radar  altitude  con¬ 
figuration  but  not  necessarily  tha  ones  examined.  If  the  PMD  is  used  for 
the  pilots  display,  then  the  ground-stabilised  option  is  benefioal. 
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I  8.0  CONCLUSIONS 

Th« Simulation  experiments  ^uva^deraonstrated  tha  ability  of  the  pilot 
and  copilot  to  fly  a  night  mission  at  low  altitudes,  ranging  from  50  to  130 
faat  AQL,  in  a  CH-33D  simulation  with  tha  night  viiiionjea  equipment  package 
daacribed  pravioualy.  Se4e$/\HNVB  aimulation  a t ud la •  ^WHrtes-JL-and. ~U-)m i UUutfiiL. 
indicated  that  anrouta  flight  profilaa  over  tha  aimulator'a  rolling  tarrain 
can  ba  accompli ahad  at  airapaada  ranging  from  60  to  80  knot a  with  clearance 
altitudaa  avaraging  100  faat.  Thie  atudy  waa  conducted  with  a  raviaad  tar¬ 
rain  modal  with  improved  altitude  feedback  cuaa  that  produced  higher  clear¬ 
ance  altitudaa  and  aomewhat  lower  airapaada  than  tha  prior  aimulationa. 

The  actual  apaada  and  altitudaa  will  ba  vetified  in  the  planned  HNVfl  flight 
taata.  Tha  aimulation  confirmed  tha  minimum  ayatem  requirement  of  a  glm- 
balled  FUR  with  a  navigation  ayatem  and  with  ancillary  hardware  auch  as  a 
aymbol  generator. 

Although  thia  experiment  required  no  data  ba  ganaratad  on  dead  reckon¬ 
ing  versus  navigation  system  requirement*,  both  pilot  performance  and  opin¬ 
ion  data  reiterated  the  reduoed  craw  station  workload  with  Doppler  command 
steering  information.  Tbar  incorporation  of  tha  navigation  capability  of 
thaiOBU®al*o  waa  ina^rumqntjj  in  further  reducing  tha  navigation  workload.  .dL,, 
CCrni+rftJ'  P  I  *  VU,  r  V 

Data  did  reaffirm  craw  interaction  and  extensive  training  aa  critical 
to  miaaion  success.  Craw  tasking  ia  not  as  wall  defined  for  thia  experi¬ 
ment  as  in  Phases  I  and  II.  Phaaas  I  and  II  data  showed  tha  pilot  at  the 
control  of  the  aircraft  to  ba  tha  primary  tensor  operation  whan  using  tha 
PMD.  Each  pilot  group  for  this  experiment  was  briefed  recoimending  tha 
Phases  I  and  II  tasking  procedure.  Tha  majority  of  the  pilot  groups  during 
these  phases  found  their  best  performance  with  tha  pilot  in  control  of  the 
sensors.  A  few  groups  experimented  with  crew  tasking,  however,  and  allowed 
the  copilot  total  sensor  control  with  tha  pilot  required  to  request  sensor 
usage.  Also,  some  crews  allowed  the  copilot  to  slew  the  sensor  enroute 
after  warning  the  pilot  but  never  allowed  tha  copilot  to  slew  in  a  hover. 

In  essence,  tha  night  transport  mission  appears  to  be  a  two  pilot  task  with 
a  constant  verbal  exchange  between  pilot*.  The  best  performing  pilot 
groups  appeared  to  be  those  where  the  pilot  controlling  the  aircraft  was 
also  the  primary  sensor  operator. 

The  hover  symbology  set  resulted  in  the  most  stable  approach  profile 
and  successful  landing  results.  Tha  symbology  evaluation  indicated  tha 
flight  symbology  provided  sufficient  piloting  information  to  maintain  air¬ 
craft  control  during  the  initial  approach  phase.  Most  pilots  chose  to 
bring  up  the  transition  hover  symbology  at  approximately  35  knots  and  0.3 
nmi  from  the  touchdown  point.  The  horisontal  presentation  of  the  transi¬ 
tion  hover  symbology  provided  additional  information  for  continued  aircraft 
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declaration  in  preparation  for  establishing  a  hovar.  Moat  pilot*  choaa  to 
bring  tha  aircraft  to  almoat  a  h</ar  (approximately  3.0  knota)  before 
bringing  up  the  hover  aymbology.  Tha  increased  gains  and  hover  poaition 
symbol  available  with  Hover  aymbology  allowed  tha  pilot*  to  precisely 
establish  a  hovar  end  to  mark  their  intended  point  of  touchdown  prior  to 
landing. 

The  pilota  did  not  find  the  23  degree  narrow  FOV  more  useful  for  gene¬ 
rating  additional  information  on  checkpoint  identification  or  accessing  the 
landing  sons  than  tha  visual  information  provided  by  the  30  degree  wide 
FOV.  Although  continually  encouraged  by  the  experimental  team  to  use  the 
narrow  FOV,  the  pilots  indicated  a  clear  preference  to  the  wide  FOV.  The 
single,  wide  FOV  appears  to  provide  sufficient  information  for  the  night 
transport  mission. 

The  majority  of  pilota  preferred  flying  tha  night  transport  mission 
with  the  HMD  over  the  PMD  regardless  of  which  display  configuration  the 
copilot  was  using.  Tha  preciee  slewing  of  the  sensor  with  the  HMD  as  com¬ 
manded  by  the  pilot's  natural  head  movements  allowed  control  of  the  sensor 
without  changing  hand  position  on  tha  collective  during  critical  flight 
maneuvers  as  required  when  operating  the  sensor  manually  on  the  PMD,  Addi¬ 
tionally,  the  one-to-one  visual  presentation  available  with  the  HMD  pro¬ 
vided  increased  visual  feedback  over  the  minlfication  present  on  the  PMD. 

The  majority  of  copilots  preferred  using* the  PMD  over  HMD.  They  found 
tha  constant  moving  imagery  somewhat  distracting  when  performing  the  CDU 
line  key  and  master  function  tasks. 

The  copilot  group  evaluating  the  virtual  HUD  mode  of  IHADSB  did  not 
find  this  mode  useful.  Of  particular  oonoern  was  tha  copilot's  loss  of 
symbolio  aircraft  attitude  and  altitude  information  and  loss  of  imagery 
while  performing  cockpit  tasks  using  the  virtual  HUD. 

The  preferred  cockpit  display  configuration  was  with  Che  pilot  using 
the  HMD  and  the  copilot  using  tha  PMD.  The  HMD  provides  the  pilot  with 
precise  slewing  control  over  the  sensor  and  more  visual  feedback  informa¬ 
tion  than  available  with  tha  PMD-  The  PMD  provides  the  copilot  with  suf¬ 
ficient  aircraft  position  and  attitude  and  altitude  information,  yet  allows 
ease  of  cockpit  workload  tasks  without  visual  lnterfarenee  while  using  the 
HMD  or  complete  loes  of  aircraft  information  while  using  virtual  HUD. 

Tha  copilots  found  the  CDU  to  be  a  useful  navigational  aid  in  reducing 
the  navigation  workload  task.  Tha  present  keyboard  inputs  required  for 
enroute  changes,  however,  are  somewhat  cumbersome  because  of  the  nonalign- 
mant  of  the  CDU  symbology  and  the  appropriate  line  keys.  This  resulted  in 
copilot  confusion  and  numerous  copilot  input  error*.  The  lack  of  an  indi¬ 
cation  for  positive  CDU  line  key  actuation  also  resulted  in  numerous 
copilot  line  key  input  errors. 

On  longer  enroute  navigation  legs,  the  copilots  were  required  to  con¬ 
tinually  change  the  CDU  tactical  map  display  acala,  or  to  manually  recenter 
the  scale  to  prevent  tha  helicopter  symbol  from  disappearing  off  the  edge 
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of  eh*  CDU  display.  Consideration  ahould  b*  given  to  providing  an  auto-* 
raatic  acala  ohanga  or  raeantaring  capability  of  tha  CDU  nap  nod*. 

The  CDU  keyboard  lighting  function  ia  praaantly  coupled  to  tha  non** 
flight  instruments  rhaoatat.  Whan  tha  nonflight  initrumanti  ware  dimmed 
to  low  intensity  levels  and  ware  still  raadabl*  by  tha  copilot,  the  CDU 
keyboard  lighting  vanished.  Also,  tha  CDU  keyboard  lighting  is  whit*, 
whereas  all  other  cockpit  inatrunant  lighting  is  rad.  Considaration  should 
ba  given  to  providing  a  aaparata  lighting  rheostat  for  tha  CDU  keyboard  and 
to  ohanging  all  lighting  in  tha  oockpit  to  the  san*  color. 

Pilot*  tended  to  slew  tha  sensor  more  frequently  in  asimuth  and  eleva¬ 
tion  than  observed  during  Phases  I  and  II.  When  using  the  PMD  tha  majority 
of  usage  in  asimuth  was  within  IS  degrees  of  centered  line  of  sight. 
Infrequent  usage  was  observed  in  asimuth  to  60  degrees  of  centered  line  of 
sight.  The  majority  of  usage  in  elevation  was  to  look  down  within  35 
degrees  of  cantered  line  of  sight.  Infrequent  usage  was  observed  in  eleva¬ 
tion  to  look  down  to  60  degrees  of  centered  line  of  sight.  The  pilots 
never  intentionally  slewed  tha  sensor  up  while  using  tha  PMD.  Sensor  usage 
increased  when  tha  pilots  returned  to  using  the  PMD  after  learning  to  slew 
the  sensor  with  the  HMD.  Reaffirming  the  aensor  usage  observed  during 
Phases  1  and  II,  it  appears  a  minimum  of  43  degree  sensor  field  of  regard 
in  asimuth  and  IS  degreea  up  and  40  degrees  down  in  elevation  ahould  be 
adequate  for  the  entire  enroute,  approach,  and  landing  phase*  of  the  night 
transport  mission. 

The  pilots  indlcatod  that  siting  the  symbology  to  the  wide  FOV  aided 
in  more  precise  pitch  attitude  control  of  the  aircraft. 

The  pilots  indicated  that  the  corridor  line  and  altitude  reference  bar 
was  not  useful  for  the  night  transport  mission. 

The  majority  of  the  pilots  indicated  the  digital  presentation  of  tor¬ 
que  was  sufficient  for  power  management  and  the  graphical  presentation  of 
torque  was  not  required. 

Tha  pilots  indicated  that  the  digital  presentation  of  radar  altitude 
would  be  more  useful  for  low  altitude  control  if  presented  in  units  below 
23  feet  AGL. 

The  pilots  found  the  point  of  interest  marker  to  be  extremely  useful 
as  a  communication  tool. 

Several  pilots  indicated  the  need  for  an  aural  low  altitude  warning 
system  below  SO  feet  AGL. 

The  pilots  Indicated  a  requirement  for  a  sideslip  (ball)  symbolic 
indication  to  minimise  yaw  angles  while  maneuvering. 

The  pilots  seldom  used  the  backup  instruments  since  this  experiment 
incorporated  no  failure  analysis  of  symbology.  Consideration  should  be 
given,  howavar,  to  tha  proper  arrangement  of  backup  instruments  and  proper 
lighting  intensity  control. 
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The  aide  study  pilot  group  evaluating  the  partial  ground  stabilised 
sensor  indicated  a  reduction  in  workload  required  to  keep  the  landing  cone 
in  sight  while  maneuvering  the  aircraft  during  the  approach  phaaa.  This 
data  group  was  too  small  to  make  a  positive  judgement  on  the  total  value  of 
the  partial  ground  stabilised  sensor  to  the  night  transport  mission.  This 
requirement  should  be  evaluated  during  flight  teat. 

Several  pilots  indicated  the  manual  aenaor  slew  control  sensing  was 
backward.  The  majority  of  pilots,  however,  preferred  the  existing  configu¬ 
ration  in  which  upward  movement  of  the  control  slews  the  sensor  upward. 


122 


9.0  RECOMMENDATIONS 


9.1  Recommended  HNVS  Configuration 

The  recommended  minimum  HNVS  configuration  for  flight  taat  evaluation 
la  a  Doppler  navigation  ayatemi  gimballed  aanaor  (+45  dagraaa  acimuth,  and 
15  dagraaa  up  and  40  dagraaa  down  elevation) ,  diepia;  configuration  with 
pilot  on  HMD  and  copilot  on  ?MD,  and  a  aingla  50  degree  FOV.  Since  the 
night  tranaport  miaaion  ia  envisioned  to  faa  of  long  duration,  the  cockpit 
diaplay  configuration  will  require  both  pilot  aeati  to  be  equipped  with 
HKDe  end  PMDe  to  allow  an  exchange  of  pilot/copilot  dutiaa  and  to  reduce 
craw  atation  fatigue. 

9.2  Symbology 

The  following  changee  in  aymbology  are  recommended  prior  to  flight 

teat! 

2  Incorporate  the  hovar  aymbology  eat  including  the  tranaltion  hover 
”  aymbology 

J2  Do  not  incorporate  the  virtual  HUD  mode  in  the  IHADSS 
2  Siae  the  aymbology  (attitude)  to  the  wide  50  degree  FOV 
2  Eliminate  the  corridor  line 
5  Eliminate  the  altitude  reference  bar 

a* 

j5  Eliminate  the  graphical  preaentation  of  torque 

7  Praaent  the  digital  radar  altitude  preaentation  in  unite  below  25 
-  feet  AQL 

£  Incorporate  a  symbolic  aidealip  (ball)  presentation. 

9.3  Controla  and  Displays 

The  following  changes  in  controla  and  displays  are  recommended  prior 
to  flight  teat: 

Realign  the  CDU  aymbology  with  the  appropriate  line  keys 
_2_  Provide  a  positive  indication  for  CDU  key  actuation 
2  Provide  a  separate  rheoetat  for  the  CDU  keyboard  lighting  function 
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_4  Evaluate  an  automat ic  acala  changa  or  recantaring  capability  for 
tha  CDU  map  mode  during  flight  taata 

5  Provide  CDU  kayboard  lighting  of  tha  aama  color  aa  tha  remaining 
*”  cockpit  inatrumants 

,6  Provide  a  low  altitude  warning  ayatem  below  50  feat  ACL 

7_  Provida  cockpit  backup  instruments  with  conaiatant  lighting  intan- 
“  aity  control 

£  Evaluate  tha  partial  ground  atabllicad  aanaor  requirement  during 
“  flight  teat 

9  Evaluate  tha  manual  aanaor  alaw  control  eanaing  activity  during 
”  flight  teat. 

9, A  Craw  Taaking 

Evaluate  the  crew  taaking  alloeationa  during  flight  teat  to  determine 
minimum  craw  station  workload. 


APPENDIX  A 

CH-53  HNV8  S IMULATION 
GFE  LIST 

Description 

Complete  CH-53  Simulation  Cockpit)  Drawing  Nurabar 
51579000.  R«v.  A 

Slaw  Controller  with  Cantaring  Switch)  Modal  No.  485 
HNV8  Control  Panel 
EAD1  Control  Panala 
HIS  Fail  Panel 

Control  and  Display  Unit  (CDU)  Part  No.  622-2698-001 

Helmet  Sight  and  Display  System  (IHADSB)  ConaUting 
of) 

Display  Electronics  Unit  (DEU)  Part  No.  BOU13AA01, 

S/N  Q7 

8ight  Electronic  Unit  (S8U)  Part  No.  BOU42AAOI, 

8/N  Q1 

Display  Adjust  Panel  (DAP)  Part  No.  CG1062AA01, 

S/N  Q14 

Borssight  Reticle  Unit  (BRU)  Part  No.  JG1099AA01, 

8/N  R14 

Sensor  Survey  Unit  (SSU)  Part  No.  LG1127AA01,  S/N  Q26, 
Q29 

Helmet  Display  Unit  (HDU)  Part  No.  HC1041AA02,  S/N  R14 
Integrated  Helmet  Unit  (IHU) 
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panal  mounted  display 
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